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SECTIOll 1 


GENERAL DESCRIPTION AND SPECIFICATIONS 




FIGURE 1-1 THE 9003 MICROCOMPUTER TERMINAL SYSTEM 
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SPECIFICATIONS 


CHARACTERISTIC 

SYSTEM 

DIMENSIONS 

CRT DIPLSAY CONSOLE 
KEYBOARD 

FINISH 

POWER REQUIREMENTS 


MICROPROCESSOR 

TYPE 


WORD SIZE 
INSTRUCTION SET 
MEMORY ADDRESSING 

MEMORY 


ROM/PROM 

CAPACITY 

TYPE 


RAM 

CAPACITY 


TYPE 


VALUE 


21 IN. W * 16 IN. H * 18 IN. D 
20 IN. W * 3.5 IN. H * 13 IN. D 

TEXTURED VINYL, LIGHT BEIGE COLOR 

115V AC +/- 10%: 220V 50 HZ OPTIONAL 
lOOV 60 HZ AND lOOV 50 HZ OPTIONAL 


INTEL 8080 GENERAL PURPOSE PARALLEL PROCESSOR 
WITH INTERRUPT CAPABILITY; INPUTS AND OUTPUTS 
TTL COMPATIBLE. 

8 BITS 
111 

CAN ADDRESS UP TO 64K BYTES DIRECTLY 

NOTE: MAXIMUM COMBINED CAPACITY OF ROM, 

PROM AND RAM CANNOT EXCEED 65,536 BYTES 


UP TO 10,250 BYTES 

ROM: 2048 X 8, AMI S9996 OR EQUIVALENT 

PROM: 256 X 8, INTEL 1702, 1702A, OR EQUIVALENT 


UP TO 4096 BYTES CAN BE INSTALLED IN STANDARD 
SYSTEM, UP TO 60K BYTES WITH ADDITION OF OPTIONAL 
RAM BOARDS (2048 BYTES ARE USED FOR VIDEO DISPLAY 
IN A STANDARD SYSTEM) 

2048 X 1 DYNAMIC, NATIONAL MM5262, OR EQUIVALENT 
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SPECIFICATIONS 


CHARACTERISTIC 

KEYBOARD 

OUTPUT CODE 
ALPHANUMERIC 
CONTROL 

NUMERIC 


CRT DISPLAY 
CRT 

SIZE 

PHOSPHOR 
SCAN METHOD 
SCAN RATE 
CHARACTER FORMAT 
DISPLAY MATRIX 

SIZE 

PAGE FORMAT 


TELECOMMUNICATIONS 

INTERFACE 

TYPE 

TRANSMISSION RATE 


CHARACTER SIZE 
PARITY 


VALUE 


128 ASCII AND 43 SPECIAL CODES 
96 ASCII CHARACTERS, UPPER AND LOWER CASE 
32 ASCII BASIC, 32 SPECIAL, AS MODIFIED 
BY CTRL AND SHIFT KEYS 

10 SPECIAL CODED NUMBERS AND ONE SPECIAL 
CODE FOR DECIMAL POINT 


9 IN. X 11 IN., 15 IN. DIAGONAL 
P4 (WHITE) 

NONINTERLACED, RS-330, 525 LINE COMPATIBLE 
60 FIELDS PER SECOND 

10 X 10 DOT MATRIX OF WHICH 7X9 MATRIX IS 
USED FOR CHARACTER FORMATION 

0.2 IN. HIGH BY 0.09 IN. WIDE 
80 CHARACTERS ON EACH LINE, 25 LINES ON FULL 
SCREEN (DEFINED AS ONE PAGE). NOTE: OF THE 

25 LINES, 24 ARE OPERATOR ACCESSIBLE, THE 25TH 
IS USED ONLY BY THE MICROPROCESSOR 


RS-232C, ASYNCHRONOUS, FULL OR HALF DUPLEX 
SELECTABLE AT 110, 300, 1200 OR 2400 BAUD; 
THE 2400 BAUD RATE CAN OPTIONALLY BE CHANGED 
TO 4800 OR 9600 BAUD 

8 DATA BITS, WITH ONE START AND ONE OR TWO 

STOP BITS 

ODD, EVEN OR NONE 
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1.0 


GENERAL INFORMATION 


The ZENTEC 9003 Microcomputer Terminal System is a new generation data 
handling and processing device that can function either as a complete 
standalone computer system or as an interactive intelligent data terminal. It 
is a general purpose system that can be used for text or forms generation and 
editing, or can be programmed for other data processing or communication tasks. 

The 9003 system consists of a desktop CRT display console and separate 
keyboard from which data can be entered by the operator for display on the CRT 
screen. The system also can be interconnected via a telecommunications line 
to a host computer which can send data for processing and display on the CRT 
screen, or receive data from the 9003 system. A variety of peripheral devices 
can be connected to the system to expand its data handling capabilities or 
store programs and data for a particular processing application. Typical 
peripheral devices are a hard copy printer or auxiliary memory devices such as 
a disk, cassette, or reel-to-reel tape drive. 

The basic 9003 system components are the keyboard, CRT display, and tele- 
communications interface electronics all functionally organized around a 
microcomputer that controls data communications into and out of the system 
and performs all internal data processing operations. The microcomputer and 
other components are described in more detail in paragraph 1.3. 

1.1 APPLICATIOMS 

The ZENTEC 9003 Microcomputer Terminal System can be used in two basic ways: 

* as a standalone computer system (see Figure 1-2), or 

* as a general purpose or dedicated data terminal (see Figure 1-3). 

Every key on the keyboard is under software control except the RESET, 
SHIFT and ALL CAPS keys. The user (through programming) has complete control 
over the functions performed by the 9003 system. As a standalone computer, the 
9003 system can be used as a small general purpose computer, or it can be 
programmed and dedicated to a specific task. It can be equipped with auxiliary 
memory and input/output devices (see Figure 1-4) as required to support its 
computing functions. As a terminal, the 9003 system can be used with a host 
computer for data entry or display purposes, interactive onr-line communications 
with the computer, or be programmed to perform data preprocessing prior to its 
transmission to the host computer. It can be connected to the host computer via 
a modem and an RS-232C telecommunications line, or directly. When used as a 
terminal, it can manage an auxiliary buffer memory also (see Figure 1-4). 
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1.2 


FUNCTIONAL DESCRIPTION OF THE SYSTEM 


Functionally, the 9003 system consists of the microcomputer and associated 
input/output devices (see Figure 1-4), The microcomputer itself consists 
of an integrated circuit microprocessor, timing and control circuitry and 
ROM/PROM and RAM memory. These circuits, along with the microprocessor 
input/output interface circuits, are mounted on three circuit boards located 
inside the CRT display console. 

All basic functions of the 9003 system are under the control of the micro- 
computer, This software-oriented organization of the system is the reason 
for its applications versatility. One or more operating programs available from 
ZENTEC can be stored in the microcomputer memory and programs can generally be 
changed. Additional user programs can be installed into the microcomputer by 
the interchange or addition of memory circuits, 

1.3 THE tILCROCOMPUTER 

The microcomputer. Figure 1-4, is constructed around a general purpose 
microprocessor that can handle 8-bit words, has a repertoire of 111 instruc- 
tions, and can address up to 64K bytes of memory. It connects to a direct 
memory access data input/output bus to which the keyboard, the CRT display, 
and the telecommunications interface electronics are connected. These 
circuits can perform their functions independently, \diile interfacing with the 
microprocessor or the memory on a priority basis. Optional interface circuits, 
peripheral devices available from ZENTEC, or devices added by the user can 
be connected to the I/O bus to operate in accordance with the priority 
discipline. Thus, the system can be expanded in a modular manner, 

1.4 THE 9003 MICROCOMPUTER MEL»RY 

The basic microcomputer memory consists of read-only (ROM) and read/write 
semiconductor integrated circuits (RAM), The read-only segment of the memory 
(usually both ROM and PROM) contains the system operating program(s). The 
read/write segment (RAM) is used to store video display information that is 
repeatedly read out of the memory to refresh the CRT display screen, and can 
also be used to store microcomputer programs or other data, if the application 
requires it. Figure 1-5 shows a diagram of the standard 9003 microcomputer 
memory. 
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FIGURE 1-3 TYPICAL 9003 SYSTEM TELECOMMUNICATIONS INSTALLATION 
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FIGURE 1-4 


The exact size of the memory depends on the size of the microcomputer programs 
stored in the system, and the amount of video display memory used. In the 
standard system, space is provided for the installation of 10,250 8-bit bytes 
of ROM and/or PRCM program memory and up to 4096 8-bit bytes of RAM memory 
(part of which is available for optional programs or expansion of video display 
information storage). With the addition of optional circuit boards, the 
total memory capacity can be expanded to 65,536 8-bit bytes. The additional 
memory is read/write RAM and can be used for additional program storage, 
video display information storage or telecommunications data storage. 
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FIGURE 1-5 DIAGRAM OF STANDARD 9003 MICROCOMPUTER MEMORY 
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1.5 


IHPUT/OUTPUT INTERFACE CIRCUITS 


Each of the 9003 system input/output devices is connected to the system bus 
through an interface circuit (and generally a RAM interface register). These 
circuits change the data signals from external devices to a common form 
compatible with the memory or microprocessor. The keyboard and CRT display 
access a location in the RAM segment of the memory, other optional peripheral 
devices can access the remaining parts of the RAM by addressing any of these 
locations. Some of the optional input/ output interface circuits are designed 
to interface directly with the microprocessor. 

1.6 PROGRAl^IS 

The 9003 microcomputer terminal is controlled by programs which are executed 
by the microprocessor. Tlie programs are stored as either firmware in ROM or 
PROM or as software in RAM. Because RAM is volatile, software programs must 
be loaded into the 9003 either via the RS-232C interface or from some 
auxilliary storage device such as a diskette or cassette. Both firmware and 
software programs can be either ZENTEC or user written. 

The basic 9003 system includes a set of firmware routines which perform the 
basic control and processing function. Optionally, a comprehensive set of 
firmware and software programs are available to supplement the basic firmware. 

The basic firmware consists of an executive, pointer address lists, and a set 
of closed subroutines. During normal operation, the executive uses the 
keyboard input to access the pointer address lists and transfer control to the 
appropriate subroutine which causes the terminal to perform the required 
function. 

The following programs are currently available from ZENTEC: 

1. Basic Firmware (included in basic system) 

2. Second Page Option 

3. Extended Text Editor 

4. TCOM IV 

5. ZIM 

6 . Disk Cataloger 

7 . Debug 

8. ZAM 
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1 . 6.1 


BASIC FIRliWARE 


The Basic Program comprises the essential firinv/are used to operate the 9003 
system. This program provides fundamental text and forms handling functions 
and serves as a base for extending system capabilities with supplemental 
programs - either those described below or application programs created by the 
user. 

The Basic Program is for off-line operations involving only the keyboard and 
the screen. There are two types of operations that can be performed with the 
Basic Program: generating or editing of text, while viewing it on the screen; 
or filling in and correcting the contents of a form displayed on the screen. 
For each of the above operations there is a particular mode; thus there are two 
data modes: an edit mode and a forms mode. A third control mode includes the 
capability to generate the headings for new forms. 

1.6.2 SECOND PAGE OFIION 

This option includes a set of firmware routines which support a second 2KB of 
displayable memory, and allows PAGE UP, PAGE DOWN, SCROLL UP, SCROLL DOm. 

1.6.3 EXTENDED TEXT EDIT PROGRAM 

The Extended Text Edit program enhances the edit mode capabilities of the 
Basic Program and can be installed in conjunction v/ith the Basic or TCOM 
programs. Its purpose is to give added capabilities for the editing of text 
displayed on the screen. The Extended Text Editor enables the operator to 
insert or delete words or sentences and have the line(s) of text or entire 
paragraphs reformatted. 

1.6.4 TCOM PROGRAMS 

The TCOM programs include several different telecommunications support firmware 
programs. Generally, these programs extend the Basic Program in that they 
include the Basic Program subroutine set and add the capability for communi- 
cations between the 9003 system and a host computer via the RS-232C interface 
circuit. 

The TCOll IV program allows either single character or block transmission 
and reception. There are five basic operating modes of the terminal while 
it is under the control of the TCOM IV program: edit, form, control, TTY 
and transmit. A sixth mode, receive, is added when the batch option or the 
NCSS batch receive option is added to TCOM IV. TCOM IV also allows hard copy 
printing of display data and data received over the RS-232C line. 
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1.6.5 ZDl (ZENTEC Interrogation Module) PROGRAM 

The ZIM firmware program provides a means for visual access to the contents of 
ROM, PROM, and RAM memories in the system. The contents of each location in the 
memory is displayed on the screen in hexadecimal coded form and various 
sections of the memory can be moved on or off the screen with the cursor 
controls. The contents of any memory location in the RAM segment can be altered 
from the keyboard when operating under the control of the ZIM program. ZIM is 
useful for programming, program debugging, and maintenance purposes. 

Installation of the ZIM program requires that the page two video display 
option (paragraph 1-8) is present in the system. 

1.6.6 DISK CATALOGER 

Disk cataloger is a set of software routines which provide support for the dual 
flexible disk subsystem attached to a 9003 system. The capability is provided 
to allow the operator to store, retrieve and modify data files on disk. 

1.6.7 DEBUG 

Allows the users access to the program counter and registers to aide in the 
debugging of user written programs. 

1.6.8 ZAM (ZENTEC ASSEMBLER METHOD) 

ZAM is a set of software routines which allcw symbolic programs to be written, 
tested, assembled and executed on a 9003 microcomputer terminal. ZAM requires 
the dual flexible disk subsystem and at least 6KB of added RAM. 

1.7 OPTIONS 

Because the 9003 system functions are programmable, the additon of any 
given optional function may require either a change in software (programs), 
addition of hardware (circuits), or both. Paragraphs 1-8 through 1-17 describe 
those options that require hardware changes. Note that even those options 
limited to softv/are do require the change of R(M or PRCMs and may or may not 
require the expansion of memory capacity (by Installation of additional RAM). 

1.8 PAGE TWO VIDEO DISPLAY OPTION 

This option provides 2048 bytes of additional memory and supporting software 
for one full page (24 lines) of video display information. When the option 
is Installed the operator can choose to display on the CRT display screen 
either of two full pages of video. With the paging and scrolling controls on 
the keyboard the operator can also choose to either scroll line by line through 
the two pages (always displaying 24 lines), or switch from one page to the 
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other. Scrolling is defined as moving the display material up the screen two 
lines at a time (with the scrolling controls); paging is defined as switching 
from one page to another (with the paging controls on the keyboard) • 

To implement this option- RMI and supporting circuits must be added on the 
character refresh board and program modifications must be made on the 
microprocessor board. 

1.9 GENERAL PURPOSE 2K MEMORY OPTION 

This option adds an identical amount of 2048 bytes of memory to the system, as 
the page two video display option does, except it does not include any video 
display supporting software. This option can be installed in lieu of the page 
two option (but not concurrently with it) and the 2048 bytes of memory can be 
used as general purpose memory for the microprocessor, 

1.10 ^ RAM BOARD 

This option provides space for up to 8192 bytes of RAM memory, in addition to 
the RC^I, PR01:1, and RAM memory provided in the standard system. It is located 
on one circuit board- which is installed in the display console card cage. 
The added memory space is under direct microprocessor control and can be 
used for additional program, video display, RS-232C interface, or keyboard data 
storage. 

1.11 PRINTER SUBSYSTEM 

The printer subsystem option enables the 9003 system to communicate with 
and print out data on a peripheral hard copy printer. The subsystem consists of 
a free-standing impact printer, a cable interconnecting the printer to the 9003 
system display console, and a printer interface board inside the display 
console. The printer operates at up to 45 characters per second and can 
recieve data from the system, or operate off line. The printer is connected to 
the system bus via the printer interface board, similar to the manner shown in 
Figure 1-3. 
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1.12 


DUAL RS-232 BOARD 


This option provides two RS-232C asynchronous telecommunications interface 
circuits, in addition to the one provided in the standard 9003 system. 
The two added interfaces are located on a single circuit board that is 
installed in the display console card cage. The page two video option or the 
general purpose 2K memory option must be installed in the system to support 
this option. 

If the dual RS-232C option is installed, there are three interfaces available 
for connecting to telecommunications lines or external equipment. The dual 
RS-232C circuits operate in such a manner that either can be receiving or 
transmitting data at any one time, but not both simultaneously. Switching 
between the two circuits must be done under software control. No supporting 
software is normally provided with this option. 

1.13 DUAL DISK DRIVE SUBSYSTEM 

This option is a disk memory peripheral device complete with interfacing 
hardware and supporting system software. The subsystem consists of a 
freestanding disk memory, a cable that connects the disk memory to the CRT 
display console and a disk memory interface board inside the display console. 

The disk memory consists of two separate disk drives and a controller, 
all housed in a common enclosure. The disk memory uses removable flexible 
disks, and records in IBM compatible format. It connects to the system bus 
through the interface board and communicates both directly with the micro- 
processor and the system memory. 

1.14 BAUD RATE OPTION 

This option modifies the RS-232C telecommunication interface circuits so that 
the system can communicate data to and from the telecommunications line at 
4800 or 9600 baud. The option involves a strapping change on the timing 
board and affects the operation of the BAUD RATE switch on the rear connector 
panel of the display console. If no baud rate option is installed in the 
system, placing the BAUD RATE switch in the SEL position enables the system to 
receive and transmit data at 2400 baud. If the option is installed, the 
corresponding rate is 4800 or 9600 baud. 
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1.15 


16K RAM BOARD 


This option allows for 16K bytes of RAM memory in addition to the 2K RAM 
provided in the basic 9003 Terminal. 

1.16 MERCURY MOVE OPTION 

The Mercury Move is an option board for the ZENTEC 9003 which will allow data 
to be moved from one part of memory to another without intervention from the 
CPU. The block to be moved can be any length specified by software up to 64K 
bytes. The transfer rate for a 2K byte block is less than 20 ms. Mercury Move 
is a direct memory access interface device. 

1.17 SYNCHRONOUS INTERFACE BOARD 

This option provides an interface between the ZENTEC 9003 and a synchronous 
modem for telecommunications. The interface allows operation to 19. 2K Baud 
using the RS-232C interface. 

1.18 POliER OPTION 50 Hz 

This option changes the operating voltage requirement of the 9003 system to 
100 volts, 50 Hz. 

1.19 POWER OPTION 220V, 50 Hz 

This option changes the operating power requirements of the 9003 system to 
220 volts, 50 Hz. 
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SECTION 2 


INSTALLATION 



2.0 


raSTALLATION 


The 9003 system components are shipped in a special carton that protects 
against shipping damage. (See Figure 2-1.) The display console and the keyboard 
are shipped in the seme enclosure with their interconnecting cable installed. 
Additional items such as option cables, small maintenance tools and instruction 
documents are packed in the same carton. Large options such as the hardcopy 
printer are shipped in their own separate containers. 

To remove the terminal from its carton, first set the box on a table. Cut the 
packing straps. Then lift the upper box and remove it careftilly, so that the 
keyboard does not fall. Remove the terminal from the lower box, by holding 
the terminal in the back and the front (a space is provided for your conven- 
ience) . Have two people hold the terminal as it is withdrawn from the carton. 

When unpacking the equipment, check each item in the packing case against the 
tabulation on the packing slip. If any breakage or physical damage is 
apparent, file a claim with the carrier immediately and notify ZENTEC. Use 
extreme care to prevent damage to the units during unpacking and removal from 



5. Upper Box 27-5/8 x 24-5/8 x 24 

6. Strap 


FIGURE 2-1 
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The ZENTEC 9003 may be bench-mounted on a table, a desktop, or any other 
vibration-free horizontal surface reasonably free from lint and dust. 
Abnormally bright room light or direct sunlight from a window can interfere 
with viewing of the display. The display enclosure and keyboard together 
require a 27’* x 16'* space envelope. (See Figure 2-2.) The keyboard can be 
moved away from the CRT display console, within the radius permitted by the 
twD-foot keyboard cable. 

This equipment may be installed adjacent to most other t 3 rpes of electrical or 
electronic equipment without serious interference. Situate the terminal as 
far as possible from '*noisy'* electro-mechanical devices like card punches. 
Avoid locations that are characterized by strong magnetic fields, which can 
distort and interfere with the operation of the video display. 

Environmental temperatures should never exceed 40 degrees Centigrade when 
the terminal system is in operation. No special cooling provisions are needed. 
Ensure a free flow of air at the fan exhaust on the rear of the display 
console. Do not set the terminal system on soft pads or other sound deadening 
devices which can impede the intake of cooling air at the bottom of the unit. 

The display console is equipped with a detachable 6-foot 3-wire industrial power 
cord and requires 115 VAC/60 Hz power (4 Amperes maximum). Cabling for 
input/output devices is generally connected to the 9003 via the jacks on the 
rear panel of the display enclosure (refer to Figures 2-3 and 2-4). Disks and 
printers are shipped with their own interconnecting cables, which are 10 feet 
in length. 
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FIGURE 2-4 


Data Rates of 110, 300, and 1200 baud may be selected directly, by positioning 
the rotary selector switch on the rear panel of the display console. The 
fourth position of the switch (SEL), selects a special internally programmed 
rate of 2400, 4800, or 9600 baud. Users can re-program this rate at the 
time of installation. See Section 7. 

Parity can be selected by positioning the parity switch in the ODD, EVEN, or 
NONE position. 
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2.1 


POWER "OFF" CHECKS 


1. Insure that the A.C. Cord is attached. 

2. Verify the interface connectors are firmly attached to the appropriate 
connector. 

3. Insure the keyboard keys are all free (not stuck down). 

2.2 POWER "ON" CHECKS 

Turn the power switch on. Be sure that the BRIGHTNESS and CONTRAST controls 
have been turned up. (See Figure 2-4 for control location) You should hear 
a loud BEEP. After a warm-up of 15 to 30 seconds, the message REP FORM will 
appear in the lower right hand comer of the display. 

If the message does not appear as expected, try pressing the RESET key on the 
keyboard. Should the terminal still fail to respond, check the BRIGHTNESS 
and CONTRAST controls. If the unit falls to display the proper message, 
consult the troubleshooting chart in Section 7. 

When the message Rep Form appears, press the M)DE key followed by the SCROLL 
UP key. The terminal will enter self test. The terminal will continue to test 
itself until a key is depressed (any key on the keyboard). If an error 
condition is detected, a message will appear on the 25th line, indicating the 
RAM location which is in error. 

*Self Test will only test the system RAM. It is not a diagnostic but will give 
a good indication as to whether the terminal is operational. 

For information on how to interpret the error message, see Section 6. 
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SECTION 3 


GENERAL MAINTENANCE INFORMATION AND CONCEPTS 



3.0 


GENERAL MAINTENANCE INFORMATION 


The ZENTEC 9003 System utilizes modular construction techniques. This allows 
the service technician to replace the failing module with a minimum amount of 
down time. 

This section of the maintenance manual includes descriptions of each module, 
familiarization with major components and preventive maintenance information. 
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FIGURE 3-1 PCB PLACEMENT 
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There are seven major modules in the 9003 terminal. Other modules (options) 
may be added at the factory or by the user. Refer to paragraphs 1.8 through 
1.17 for a description of these modules (options). 

The seven major modules are listed below: 

MODULE NAME FUNCTION 


1 . Monitor 


2. Power Supplies 
+5V,+12V,-15VDC 
+3.5V 

3. Keyboard 


4 . Microprocessor PCB 
Card Cage Slot J3 


5 . Timing PCB 

Card Cage Slot J5 


6. Character Refresh PCB 
Card Cage Slot J1 


7. Motherboard 


Contains CRT and drive electronics. Requires 
TTL inputs. Also has its own high voltage and 
filament supply. 

Provides power for all of the logic modules. 
The 3.5V supply is referenced to +5V to form 
the +8.5V for the RAM memory. 

The keyboard provides 8 bit parallel ASCII 
data to the 9003 through a RAM interface 
register. It also provides a hardwire reset 
line. 

Contains the CPU and all resident ROM and PROM 
memory. Contains the clock generation circuitry 
for the 8080 CPU. Optionally available are a 
static RAM stack (256 x 8) and a timer ( which 
allows the user to interrupt the CPU). 

Contains the master crystal oscillator and the 
RS-232 interface. The board divides the 
chrystal frequency into the correct rate to 
provide horizontal and vertical drive to the 
monitor. 

Contains 2K of RAM for display and keyboard 
handling. Has provisions for an additional 2K 
of RAM which can be used as user accessible 
memory or to support a second page of video. 
The board also contains the keyboard Interface 
circuitry. 

Distributes Data and Address information among 
the PCB's installed in the card cage. Also 
distributes D.C. power to all of the PCB's. 
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The three basic PCB^’s (Character Refresh, Microprocessor, Timing) are located 
in the system Card Cage Slots 1, 3, and 5. 

Card Cage Slot 1 (Jl) is located closest to the CRT and is reserved for the 
character refresh PCB. 

Card Cage Slot 3 (J3) is reserved for the microprocessor PCB. 

Card Cage Slot 5 (J5) is reserved for the system timing PCB. 

These PCB^s SHOULD NOT be relocated. Although no damage will result from 
misplacing the PCB's, the terminal will be rendered inoperative. 

3.1 PRINTED CIRCUIT BOARD PRIORITY 

The slots in the card cage are assigned a priority number. The assignment of 
PCB's to slots is based on this priority scheme and by hard wired harness 
assemblies. 

The CPU has the highest priority on the System. Memory Refresh and Screen 
Refresh have the next highest prioroity ratings. These priorities are 
determined by the hardware and can not be changed by the user. I^IA peripherals 
have a priority number that is determined by the card slot the peripheral 
printed circuit board is placed in. 


INCREASING PRIORITY LINE 


SLOT NO. 
3 4 5 
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The slots not occupied (2, 4, 6, and 7) must be filled in a given sequence. 
This sequence is slot 4, 2, 7, and 6. 

PCB^s that do not create their own bus request signals (RAM PCB's) may be 
placed any^Aiere there is a vacant slot. 

3.2 PRINTED CIRCUIT BOARD LAYOUT AND COMPONENT IDENTIFICATION 

All ZENTEC^s printed circuit boards are basically the same. The components 
are located by using an X-Y coordinate system. (See Figure 3-3.) This system 
is also used on the schematic diagrams. Each ZENTEC printed circuit board has 
2 connectors (See Figure 3-3.) One for the system bus and one for an edge 
connector which allows connection to a peripheral device. Each ZENTEC 
printed circuit board carries an etched assembly number. This number 
can be used when ordering replacement printed circuit boards. A revision 
level number and letter are also marked on the printed circuit board. 

3.3 AC INPUT STRAPPING 

The ZENTEC 9003 can operate at four different AC input voltages. To strap the 
9003 for operation at these different voltages, refer to Figure 3-4. 



Operating voltage is shown in module window. 



SELECTION OF OPERATING VOLTAGE 

1. Open cover door and rotate fuse-pull to left. 

2. Select operating voltage by orienting PC board 
to position desired voltage on top-left side. 
Push board firmly into module slot. 

3. Rotate fuse-pull back into normal position 
and re-insert fuse in holders, using caution to 
select correct fuse value. 


FIGURE 3-4 
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3.4 


S\7ITCH SETTINGS 


The ZENTEC 9003 provides the user with a number of switch selectable capabil- 
ities. There are switches located on the microprocessor printed circuit board 
and on the system timing board. There are 32 switches on the microprocessor 
printed circuit board. These switches are used to select each individual PROM, 
each row of PROMs, to define the starting address block for each row of PROMS, 
and to enable the executive ROM and internal stack (if installed). 

A complete truth table of all switch settings can be found in Section 7. 

3.5 POWER SUPPLIES 

The ZENTEC 9003 uses four power supplies: +5V, -15V, +3.5V, and +12V. The 

power supplies are current limited and overvoltage protected. The supplies 
are located beneath the monitor assembly. The four supplies have voltage 
adjustment potentiometers which are accessible with the monitor in place (See 
Figure 3-6.) 

In order to set the current and OVP potentiometers, it is necessary to remove 
the monitor. For complete adjustment procedures see Section 6. 

3.6 PREVENTIVE MAINTENANCE 

The ZENTEC 9003 requires very little preventive maintenance. The unit should 
be kept clean and in a reasonable operating environment. 
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SECTION 4 


SYSTEM ARCHITECTURE 



4.0 


SYSmi ARCHITECTURE 


All input/output devices communicate with the microcomputer via a system bus. 
Tlie system bus carries 8 parallel bits of data or instructions, up to 16 bits 
of memory address, internal commands and status signals, and allows any 
input/output device direct memory access. The bus also distributes power. 
Data is usually not communicated from an input/ output device directly to the 
CPU, but rather through the RAM. RAM can be read and written into either by 
the CPU or any input/output device by requesting a memory cycle (memory cycle 
request.) 

l\Hien the microcomputer completes a data processing sequence, it writes an 
ASCII coded alphanumeric character and control information back into the RAM 
for display. The video circuits read this information out of the RAM, 
convert the ASCII coded character into a video signal and use the control 
information to determine the location at which the character is to be displayed 
on the screen. 

The RS-232C interface operates under the control of the TCOM firmware. It 
communicates data between an external telecommunications line and the CPU via 
input/output ports. The RS-232C interface can operate either in a single 
character or block transfer mode. 

4.1 SYSTEM OPERATION 

To access any memory location a 16-bit address must be used. In the standard 
9003 user accessible maaory is RAM (although disks or tape drives may be added.) 
The RAM functions as a physical interface between the hardware and software. 
The RAM consists of hardware and software registers and a video display 
section. 

Data Input/Output and Processing Sequence 

When a key is depressed on the keyboard, it causes the keyboard circuit 
to output an 8 bit ASCII code. This code is stored in the keyboard input 
register in RAM. The RAM location is monitored by the microprocessor. 

If the entry is a data character, it is displayed on the screen. The ASCII 
code is loaded by the microprocessor into the video display section of the RAM 
at the current cursor position. The loading of the displayable character into 
the RAM is a software function. The subsequent functions associated with 
displaying it are performed by the system's hardware. 
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4.2 


SYSTEM BUS USAGE 


The CPU can obtain a memory cycle at any time. The refreshing of the dynamic 
RAM circuits and the CRT display both present real-time requirements, and 
must receive a number of memory cycles but cannot conflict with CPU cycle 
requirements. Additional memory cycles must be available to service all 
input/output devices connected to the system bus. To meet these requirements, 
several hardware considerations have been made. The RAM segment of the system 
memory is cycled at more than 3 times the effective rate of the CPU. This means 
that for every cycle the CPU is able to use, there are 2 other cycles available 
for other devices. Whenever the CPU reads out of the ROM/PROM system memory, 
(which is physically located on the same circuit board) it reads directly, 
without using the system bus. During these read operations the system bus can 
be used by another device to read or write into the RAM. 

4.3 SOFTWARE/HARDWARE INTERFACE 

The software/ hardware section of RAM allows the microprocessor and the input/ 
output hardware to perform their internal operations independently. It 
allows the microprocessor and hardware to operate at their own clock rates 
without direct timing synchronization between the two. The only communication 
between the software and hardware is through RA14. The RAM memory consists 
of 48 8-bit working registers and 2000 bytes of moaory space for video display 
information. 

4.4 WORKING REGISTERS 

Working registers are 8-bits wide and are all located in the RAM. There 
are two types: software registers and hardware registers. 

Software registers hold information used actively by the CPU during data 
processing. Their contents are not accessible by any other circuits. There are 
23 software registers, 13 of which have assigned functions, the remaining 10 
are unnamed temporary work spaces for the CPU. Software registers derive their 
name from the fact that they are written into and read out only by the CPU. 

Hardware registers are written into and read out by the CPU, but their 
main usage is in communication with input/output hardware. The CPU stores in a 
hardware register the results of some data processing routine which is then 
read and interpreted by a hardware circuit as an instruction. A hardware 
circuit writes data into a register and the CPU fetches the data and processes 
it. 

Software registers relate only to the microprocessor and its programs; while 
hardware registers relate to both the software as well as the hardware. 
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RAM locations and other numerical quantities are expressed in hexadecimal 
notation rather than decimal. Every hexadecimal number is preceded by the 
letter X and enclosed in apostrophes. Example: decimal 4096 = X'lOOO' 

4.5 CURSOR ADDRESS REGISTERS 

There are two cursor address registers. One register, at location X'lOOO' 
identifies the cursor row. The other, at location X'lOOl' identifies the 
cursor column. The cursor address registers are always loaded by the 
microprocessor and are read by the video circuits. The values can range from 
X'OO' to X'19' for the row address register and X'OO' to X'4F' for the column 
address. If the system contains the page 2 video display option, row 
addresses can extend to X'30' . Row address X'OO' corresponds to the 25th line 
on the screen. Row address X'Ol' corresponds to row 1 of the first video 
display page and column address X'OO' corresponds to the first column on the 
left of the screen. From these values on, all addresses are contiguous. 

4.6 KEYBOARD INPUT CHARACTER REGISTER 

The keyboard input register receives data from the keyboard via the keyboard 
Interface circuit. The keyboard input register is located at address X'1002'. 
The keyboard register is loaded asynchronously by the keyboard interface 
circuit and is monitored by the microprocessor. The keyboard is allowed 
to write any code other than X'FF' into the register. After the microprocessor 
reads a character code out of the register it writes X'FF' into the register. 
When the microprocessor monitors the register it interprets X'FF'as the 
absence of a keyboard character. Any other bit combination is read and 
processed. 


4.7 FUNCTION REGISTER 

The function register is used to actuate the audible alert tone. Located at 
address X'1003', it is always loaded by the microprocessor and is read by 
the video circuits. A tone, approximately two seconds in duration, is produced 
whenever the eighth bit in the function register changes state. All other 
bits in the function register are reserved for program usage and do not affect 
the tone alarm circuit. 

4.8 PAGE REGISTER 

The page register stores the address of the video display section of the RAM 
which appears as the top line on the CRT screen. Located at X'1005', it is 
always loaded by the microprocessor and is read once every video scan field by 
the video circuitry. Its contents must be X'Ol'if there is only one page of 
video data in the RAM, but it can be any miuber between X'Ol' and X'19' if the 
page 2 option is installed in the system. The page register is also used for 
scrolling. 
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4.9 


RS-232C CCMflJNICATIONS 


The RS-232C interface conmamlcates with the CPU on an input/output port basis. 
Four input ports and two output ports are required. 

4.10 DUAL RS-232C INTERFACE REGISTERS 

There are six hardware registers in the BAM for the purpose of comnmunicating 
data control and status information between the microprocessor and the Dual 
RS-232C interface circuit. These registers are written into and read by 
the microprocessor and the Dual RS-232C interface circuit. 

4.11 VIDEO DISPLAY SECTION 

The video display section of RAM stores one byte for every character position 
on the screen. Whenever a code is entered from the keyboard (or another 
source) , the CPU processes that character and writes it in the video display 
RAM. It is read out periodically by the video circuitry, transformed into a 
video signal and displayed on the screen of the CRT display. The CPU writes 
into the video display section as needed to alter the display image, but the 
video circuitry continuously reads it out. 

In the video display section there is space for a total of 1920 bytes of data 
representing the 80 characters on each of 24 display lines. An additional 80 
bytes are reserved for the 25th line which Identifies the current operating 
mode. One page of video display information occupies 2000 bytes of space in 
the RAM. The page 2 option requires only 1920 bytes because line 25 is common 
to both pages. 

Any byte stored in the video section of RAM is interpreted by the video 
circuits either as a data character or as a control code. If a byte is 
Interpreted as a data character, it is displayed on the screen at the cursor 
location, if it is a control code, it specifies the special display effect 
which applies to all following data. The control code can specify that all 
characters following are to be dimmed, or displayed on a reversed background, 
etc. 

Whether a byte is a control code is determined by its three most significant 
bits. For a control code to be selected. Bit 7 must be active as well as either 
Bit 6 or 5. Otherwise the information is considered as data character. A 
control code specifies special display effects for all data characters from that 
location on until the end of the screen, or until another control character is 
encountered. 
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SECTION 5 


THEOEiY OF OPERATION 


5.1 SYSTEtl TIMING 

5.2 CHARACTER REFRESH 

5.3 8080 inCROPROCESSOR 

5.4 16K RAM 



5.1 


SYSTEM TMING 


Timing generation circuits for the 9003 system are located on the timing board 
in card slot #5. A block diagram of the system's timing circuits is shown in 
Figure 5-1. 
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By convention, the standard video display consists of 60 coraplete images or 
frames every second. This rate is required in order to eliminate undesirable 
effects of flicker on the screen. The entire screen must be scanned at least 
once every 60th of a second. During the interval comprising one vertical 
frame, the entire area of the monitor screen must be scanned from left to 
right, beginning at the upper edge of the screen and proceeding downward. The 
screen is scanned horizontally 263 times during each vertical frame, Tlie 
horizontal scanning circuitry has to be driven at approximately 15,780 Hz, 
(263 X 60), A picture includes intervals during which the screen is blank. 
These intervals include the time during which the beam is returned to the left 
side of the screen at the end of each horizontal line (horizontal retrace), 
as well as the interval during wliich the beam travels from the bottom of the 
screen back to the top (vertical retrace). To create the picture effect, the 
scanning beam is turned on and off during the horizontal scan. To maintain 
adequate resolution, a minimum video bandwidth of approximately 15 MHz is 
necessary. This guarantees the horizontal detail necessary to ensure a 
readable display, 

A vertical frame consists of 263 individual scan lines. Thirteen lines can 
conveniently be assigned to vertical blanking. This leaves 250 lines to be 
divided among the 25 rows of the display. Each line of text on the screen 
will consist of 10 individual scan lines. To provide the detail necessary, 
each of the 80 character columns will consist of 10 individual bits. This 
assures horizontal resolution comparable to that obtained in the vertical 
dimension. There are 80 columns in the visible portion of each horizontal 
line. Characters within the line recur at a rate slightly in excess of 1,5 
MHz, The 10 individual bits that go to make up each line within the character 
recur at 10 times that rate, or approximately 15.15 MHz. The divider chain 
used to derive the various frequencies is depicted in Figure 5-1, 

Refer to Figure 5-1, Timing begins with a 15 MHz crystal oscillator. The 
output of this oscillator, BIT CLOCK, drives a divide-by-10 counter which 
determines the width of each character ^n the screen. The output of this 
counter is known as CHARACTER CLOCK, or as SHIFT CLOCK, depending on where it 
is used in the system. The SHIFT CLOCK drives a divide-by-96 counter which 
determines the length of the horizontal line. Part of this line must be 
devoted to horizontal blanking. Eighty counts of the CHARACTER CLOCK 
represent the visible line (80 columns). The remaining 16 counts constitute 
the horizontal blanking interval. 
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Ten horizontal lines make up each row of characters on the display. The 
video generator circuitry on the character refresh board requires signals which 
indicate the row in which a particular line falls, and also which line of that 
row is currently being scanned. The horizontal blanking signal from the 
character counter is divided by 10 in the scan line counter. The BCD output of 
the counter is used to drive the character generation circuitry on the RAM 
board. The overflew from the scan line counter drives the row counter (a divide 
by 25 arrangement which provides a continuous indication of the current display 
row.) Twenty-five rows constitute one visible frame. The overflow from the row 
counter can be used directly to derive vertical drive and blanking signals. 

The frequencies needed to drive the display are considerable. It is conven- 
ient to use derivatives of these frequencies to provide timing functions for 
other system circuits. CHARACTER CLOCK drives logic which produces the CLOCK 1, 
CLOCK 2, and CLOCK 3 outputs shown at the bottom of Figure 5-1. These clocks 
drive the write and refresh circuitry of the dynamic RAM used both as video 
buffer and as general purpose working storage in the system. The CLOCKl, CLOCK 
2, and CLOCK 3 signals become Instrimental in synchronizing operations through- 
out the system. They control the timing of CPU bus requests, memory refresh 
requests, and video refresh requests. 

The system timing board also contains a RAM column address counter shown 
immediately below the crystal oscillator in Figure 5-1. The column address 
counter controls the refresh cycling of the dynamic RAMs. Refresh is performed 
automatically during the first 4 microseconds of each horizontal blanking 
interval. The RAM refresh control logic relinquishes the current memory cycle 
anytime a CPU BUS REQUEST is pending. Under any other circumstances, RAM 
refresh has top priority within the system. Refresh control activates the 
MEMORY REFRESH REQUEST line, thus inhibiting memory requests originating in all 
lower priority components. Two memory cycles within each horizontal blanking 
interval are needed for memory refresh. 

5.1.1 MASTER OSCILLATOR 

System timing begins with the bit clock oscillator shown in Figure 96-414-03 
Sheet 1. The oscillator consists of a 15.1488 MHz crystal and a capacitively 
coupled two-stage amplifier made up of two 74S04 sections (AIK)*. Resistors 
R53 and R54 danq) the high gain of the twa inverters. These cascaded stages act 
as a linear feedback amplifier to sustain oscillation in the crystal. The 
15 MHz output known as the BIT CLOCK is buffered (AIF) and coupled out to the 
Character Refresh board. 

5.1.2 COLIMN AND LINE CONTROL 

Bit clock is also used to drive the divide-by-10 counter A2K2 (IC 2K Pin 2) 
* Refers to the IC located at IK on the PCB X-Y coordinate map. 
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The output of A2K-12 becomes CHARACTER CLOGC. CHARACTER CLOCK drive the input 
of the character counter A3K-2 and A4K-2 and the horizontal drive flip-flop 
A4J-3. A buffered form of the CHARACTER CLOCK (AlK-8) is known as the SHIFT 
CLOCK. SHIFT CLOCK is one of the principal driving inputs to the character 
refresh board. Load Gate is produced by gating selected phases of the CHARACTER 
CLOCK as shown (A2J8). The two-stage character counter establishes the 
horizontal line Interval. 

5.1.3 VERTICAL CONTROL 

The two-stage row counter counts individual rows of the display so that 
vertical retrace can be triggered at the end of the 25th row. The clock 
inputs of the two-stage counter are enabled by the SCAN 9 signal (also used to 
preload the scan line counter). During the 10th scan in each display row, SCAN 
9 is active (in order that the horizontal blanking signal at the end of that 
row can be registered by the row counter A31-7 and A4H-10) 

The preload input to A4U is 0. The 13th horizontal blanking pulse (the end of 
the vertical blanking interval) preloads this value into the row counter. The 
trailing edge at A4H-12 (the V. BLANK signal) marks the start of a new frame. 
The end of each horizontal row is marked by the SCAN 9 output. This enables 
the row counter to register the tenth horizontal blanking pulse. At the end of 
24 rows, the counter will hold X'18' which is Indicated by the SELECTED ROW 
signal (A2H-12 and 13). The absence of a vertical blanking signal (A2H-10) 
with the SCAN 9 output produces the BLANK START GATE signal. This with SELECTED 
ROUS enables the LOAD input of the row counter. 

The vertical blanking pulse has not yet occurred so the preset input of the 
counter is X'4'. The final horizontal blanking pulse in the frame preloads 
this value into the row counter, initiating the beginning of vertical blanking. 
During vertical blanking, the row counter counts horizontal lines, not rows. 
Vertical blanking is applied to A6H-4 to hold the SCAN 9 output true continur- 
ously during the entire vertical blanking interval. This allows the row counter 
to be clocked at the end of every horizontal line. Twelve lines into the 
vertical blanking interval, A2H-3 will go true. This BLANKING LINE output 
concurs with the vertical blanking signal to enable the load input of the row 
counter. Since the vertical blanking signal is now active, the 13th horizontal 
blanking pulse bar again preloads the value X'OO' into the row counter. Figure 
5-2 shows timing during the vertical blanking interval. 

5.1.4 SCREEN BLINK GATES 

Two signals are derived from vertical blanking. The FIELD B output of the 
row counter (1/2 the frequency of the vertical blanking signal) is divided by 
16 (A5J-11) and supplied to the video generator circuits as CURSOR BLINK GATE. 
CURSOR BLINK GATE is divided by 2 on the timing board to produce the character 
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character blink gate. This signal is used in the video generator circuitry to 
control the blinking of characters in the forms mode. Timing of these signals 
is shown in Figure 5-3, 

5.1.5 RAM CLOCKS 

Refer to Figure 96-414-03 Sheet 2, This shows the logic used to drive the 
RAH clocks and several timing signals. The VERTICAL DRIVE signal is delayed by 
one period of the CHARACTER CLOCK, This is to ensure that blanking occurs 
before retrace. Also shown are the 01 and 02 clock signals. These clocks are 
no longer used in the 9003, The RAM clocks are developed from CHARACTER CLOCK 
(A2A), Selected outputs of the BIT CLOCK counter are combined to divide 
CHARACTER CLOCK into discrete sub-intervals. The succeeding gates and 
flip-flops develop the four principal RAM clock signals. The relationship 
among these four signals is shown in Figure 5-4, The positive-going leading 
edge of the CLOCK 1 signal marks the beginning of each memory cycle in the 
system, CLOCK 1, CLOCK 3, and CLOCK 3 GATE control precharging and writing 
within the dynamic RAM, synchronization of the processor, and the video 
refresh logic which depends on RAM access, 

5.1.6 RAM REFRESH CONTROL 

The System Timing board contains the refresh control circuitry for the 
dynamic RAM (though the RAMs are physically situated on another assembly). 
This circuitry is shown in Figure 96-414-03 Sheet 3, Memory refresh occurs 
during the horizontal blanking interval and only two RAM rows are refreshed at 
the end of each horizontal scan. Refreshing at this rate ensures adequate 
recycling of the RA!1, The horizontal blanking signal is combined with the CPU 
BUS REQUEST signal from the processor (A4F-8), REFRESH GATE (A4F-11) will be 
true during the horizontal blanking interval as long as a CPU BUS REQUEST is not 
pending. The trailing edge of CLOCK 3 GATE sets the refresh request flip-flop 
A4E3, As long as CPU BUS REQUEST remains false, MEMORY REFRESH REQUEST 
remains true. This inhibits any memory request originating in logic of lower 
priority. On the character refresh board, MEMORY REFRESH REQUEST gates CLOCK 
1, CLOCK 2, and CLOCK 3 signals to the dynamic RAMs, IMDRY REFRESH REQUEST 
enables the address gates shown in Figure 96-414-03 Sheet 3, A5E and A6E, The 
contents of the address counter A5F and A6F are gated onto the address bus and 
directed to the RAtl, One entire row in dynamic memory is refreshed during 
this cycle, MEMORY REFRESH REQUEST enables gate A6H-13, The CLOCK 2 signal 
which follows the refresh cycle will increment the row counter, MEMORY 
REFRESH REQUEST is also applied to the input (A4E-8d) of the reset flip-flop. 
The trailing edge of CLOCK 3 GATE at the end of the second refresh cycle 
clears the refresh request flip-flop. The process is repeated with each 
horizontal scan maintaining a constant recirculation of all data stored in 
dynamic RAM, Ifemory refresh timing is shown in Figure 5-5, 
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5.1.7 ASYNCHRONOUS SERIAL INTERFACE (RS-232C) 

In addition to the master oscillator and memory refresh circuitry the timing 
PCB contains a programmable serial interface circuit (RS-232C) . The interface 
may be used in conjunction with the optional TC(M program or may be programmed 
by the user. 

The heart of the serial communications interface is a universal asynchronous 
receiver transmitter (UART). This device contains two Independent shift 
registers which share a single driving clock. Incoming serial data is collected 
by the receiving register and presented in parallel to the bus. The transmitter 
register accepts parallel data from the bus and converts to serial form for the 
communications line. The UART monitors the status of both transmit and receive 
functions, flagging errors such as parity and framing. Parity, start, and stop 
bits are automatically Inserted by the transmitter section during transmission. 
They are stripped from the received data byte before it is sent to the bus. 

Figure 5-6 shows the RS-232C interface in block diagram form. The receiving 
section of the Interface is buffered, using a 64 x 8, first in-flrst out stack. 
This allows more effective use of the processor. Included are a built in 
built in current loop receiver and driver that allow the user to interface 
directly with units operating on loop currents of either 60 or 20 mils. The 
processor controls the interface by means of 4 input ports and 2 output ports. 
(Summarized in Figure 5-7.) 

5.1.8 CLOCK GENERATOR 

The serial interface derives its clocking signals from horizontal blanking 
and BIT CLOCK. Clock generation circuits are shown in Figure 96-414-03 Sheet 7. 
The horizontal blanking signal drives a divide-by-9 counter A5C-2. Output of 
the counter is a 1750 Hz clock which is divided by 16 within the UART. This 
produces the 110 baud communications rate. All other rate clocks are derived 
from BIT CLOCK which drives a cascaded divider chain consisting of devices A6C, 
A7C, A6D, and A4C. The outputs of the final divider (A4C) provide the basic 
300, 1200, 2400 , 4800 and 9600 baud clocks to the rate selection circuitry. 
These rates are selected by means of a switch on the back panel of the terminal. 
The fourth position of that switch selects a rate which is internally programmed 
by switches on the timing board. The user can select rates of 2400, 4800, or 
9600 baud. These switches are shown at A4 on Figure 96-414-03 Sheet 7. The 
three standard rates, and the selected rate, are applied to A4D, where the BAUD 
BATE 1 and BAUD RATE 2 input panel selector switch are decoded and used to 
select a single clock. This is sent to the UART as the TELCCM CLOCK A7D-6. 
Both current loop and RS-232 level inputs are available to the serial interface. 
These are shown in Figure 96-414-03 Sheet 5. External jumpers connect either 
the current loop input of the RS-232C input to SEL Common. This is applied 
directly to the UART, AllC, Pin 20. 
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5.1.9 


RECEIVE AND TRANSMIT DATA 


Serial or parallel data conversion is performed automatically within the 
UART. Each time the UART receives a character, it raises DATA RECEIVED (pin 
19). The eight bits of data are available at the DO through D7 outputs of the 
UART. The character is applied directly to the inputs of the 64 byte FIFO 
AllF and AllE. If the input section of the FIFO is prepared to receive data, 
its INPUT READY (IR) outputs will be high. The IR true from each FIFO coupled 
with the DATA RECEIVED output of the UART places a one on the "J" input 
of the SHIFT IN flip-flop (A9D). The flip-flop is clocked by a derivative of the 
CLOCK 3 signal from the timing section. The flip-flop's output is used to clock 
the contents of the receive buffer into the FIFO. The output at pin 6 of the 
SHIFT IN flip-flop resets the UART logic (pin 18). This process is repeated 
with each incoming character until all 64 bytes of FIFO have been filled. The 
UART monitors each incoming character. An error either in framing (erronious 
START or STOP bits) or in parity is detected and forwarded to the error logic 
shown in Figure 96-414-03 Sheet 6 (AlOB). An error in any of the 64 stack bytes 
will cause the appropriate error flag to be set. The framing and parity flags 
are made available to the multiplexing logic shown in Figure 96-414-03 Sheet 5, 
(9F and lOF) as status bits to the system bus. 

Interface addressing logic is shown in Figure 96-414-03 Sheet 6. Any input 
addressed to port X'41', X'43'' , or X'OF' will enable the status multiplexer 
A7B. The enable MUX signal is applied in parallel to the 4 multiplexer sections 
shown in Figure 96-414-03 Sheet 5. The final selection of the port is 
determined by address bits 9 and 10. Uhen the FIFO has at least one byte in it, 
the OR (Output Ready) of both FIFO sections goes true. These outputson pins 1 
and 2 of AlOD enable the received data available status bit. The processor 
(detecting this by reading status port X'41') will readout the FIFO. It does 
this by executing an input instruction directed to port X'OF'. This produces a 
shift-out output at pin 9 of flip-flop A8B. This is applied to the shift-out 
input of the FIFO. Each time the processor reads a byte from the FIFO, the FIFO 
is shifted automatically so that the next byte is available. By repeating this 
process, the processor can rapidly empty the 64 byte FIFO. Should the processor 
fail to remove data from the FIFO long enoug)i for the FIFO to become full (64 
characters) , and another character is received by the receiver an overrun 
condition exists. The shift-ln flip-flop cannot be toggled, and no clock will 
be applied to the FIFO input. The data received output from the UART and a not 
ready from the FIFO acts through A8F, A7K, and A7F to produce an overrun 
indication setting the overrun latch shown in Figure 96-414-03 Sheet 6. Overrun 
is also applied to the shift-out flip-flop generating an output which dumps the 
leading byte out of the FIFO. This causes the IR output of both FIFO sections 
to go high and enables the next CLOCK 3 pulse to shift the UART's output into 
the top of the FIFO. This way an overrun of the UART is prevented. The oldest 
byte in the FIFO is lost. Setting of the overrun flag alerts the processor 
accordingly . 
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SWITCHES AT 
LOC 11H 


FIGURE 5-6 BLOCK DIAGRAM OF RS-232 INTERFACE 
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Instruction 


Data Into Register A 


Name 


IN X'41' 


I 



7 

6 

5 

4 

3 

CM 

i — 1 

0 

IN X'OF' 

□ 

u 

□ 

□ 

□ 

□ 

□ 

□ 









7 

6 

5 

4 

3 

2 

1 

0 


Input Character 
-Input character 

Interface Status 

Data available 
-XMIT not available 
-XMIT not empty 
-Reverse channel receive 
-Break in progress 
-Framing error 
-Overrun error 
-Parity error 



7 

6 

5 

4 

3 

2 

1 

0 

IN X'43' 

E 

1 ^ 

E 

0 

□ 

□ 

□ 

□ 


t t_b 


Modem Status 


ata set ready 
Clear to send 
Line signal detect 
Ring indicator 



7 

6 

5 

4 

3 

2 

1 

0 

IN X'45' 

Q 

0 

□ 

□ 

□ 

□ 

□ 

□ 


I . D . Number 


-I.D. # 


Instruction Data From Register A 



7 

6 

5 

4 

3 

2 

1 

0 

OUT X ' ID ' J 

□ 

□ 

Zl 

□ 

□ 

□ 

□ 

□ 





zc 

— 

— 



7 

6 

5 

4 

3 

2 

1 

0 

OUT X ' IF ' 

rr 

rr 

rt~ 

r 

r 

r 

E 

□ 


Ncime 


Output Character 


-Data out 


L±5 


Control Word 


ata terminal ready 
Request to send 
-Break 

-Reverse channel XMIT 
-faster clear 


FIGURE 5-7 SERIAL INTERFACE STATUS AND CONTROL 
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The processor transmits by means of an output port (X'lD'). The TRANSMIT 
PORT output logic is shown in Figure 96-414-03 Sheet 6. The decoding logic 
combines with CLOQC 2 to produce a load transmitter output to the UART. Data on 
the UART's TRl through TR8 inputs will be loaded and serialized. Refer to 
Figure 96-414-03 Sheet 5, Observe that these inputs communicate with the system 
^dress bus, bits 0 through 7. Serial output of the UART (Pin 25) is applied 
to the TTY output driver Q2 and to the RS-232 driver AlO-A. Both outputs are 
made available at the interface connector. The shunt resister (R37) may be 
Jumpered across R36 to permit operation in 60 mlllianqp teletype loops. R50 has 
a similar function. The serial Interface includes the break and master reset 
functions. Break is initiated by writing out bit 2 of control port X'lF'. See 
Figure 96-414-03 Sheet 6. Ebcecutlon of the command will cause the break one- 
shot A3B to fire. The duration of the break is approximately 250 milliseconds. 
A program reset may be initiated by the CPU to clear the interface prior to 
retransmission of data. Reset is triggered by an output instruction which sets 
bit 4 of the Interface control port. Execution of this instruction will cause 
the reset flip-flop to be set. (Figure 96-414-03 Sheet 5.) Reset clears the 
UART, the FIFO and the error latches. 

5.1.10 AUDIBLE RESPONSE CIRCUITS 

The 9003 responds audibly to certain keyboard operations. A clicking sound is 
generated each time the operator depresses a key on the keyboard. Error 
conditions generate a beep to alert the operator. To produce these audible 
responses, an oscillator and amplifier on the Timing board are used to drive a 
speaker attached to the chassis. See Figure 96-414-03 Sheet 4. The signal 
which initiates keyboard feedback originates on the character refresh PCB. 
WRITE KEYBOARD gate and WRITE CHARACTER ENABLE produces a CLICK ENABLE signal. 
CLICK ENABLE enables a one-shot shown in Figure 96-420-01 Sheet 2. CLOCK 3 
with CLICK ENABLE produces the CLICK conraand which is forwarded to the audio 
circuitry shown in Figure 96-414-03 Sheet 4. The CLICK is buffered twice 
and applied directly to the base of the audio driver transistor Ql. The 
output at Ql's collector drives the speaker through a 500 ohm volume control 
potentiometer mounted on the back panel of the terminal. BEEPER TRIGGER (the 
error beep) is derived on the timing board. Figure 96-420-01 Sheet 5 shows the 
function register. LOAD FUNCTION REGISTER gate (with the CLOCK 3) loads the 
contents of address X'1003' into the latch. The processor triggers the 
audible beep by reading and reversing the state of bit 7. Refer to Figure 
96-414-03 Sheet 4. The circuit consisting of ASH, A8J, and A3F produces a 
negative-going trigger to the beeper one-shot A3B in response to any edge 
positive or negative on the BEEPER TRIGGER input. The output of the one-shot 
is a positive-going pulse 1/2 second in duration which enables A4B-5. The 
other input ccnnes from the 555 timer (A4A-3). The output of the timer is a 
500 Hz burst vdilch drives the base of Ql, which drives the speaker. 
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5.2 


CHARACTER REFRESH 


RAil memory in the 9003 is in 2K blocks, using 2K x 1 dynamic RAMS. Eight of 
these devices are used to form each 2K x 8 segment as shown in Figure 96-420-01 
Sheet 6. The eight RAMs shown at the top of the drawing con 5 )rise the working 
registers and video buffer. The 8 devices shown in row B constitute the RAMs 
of the page 2 option. All RAMs share an 11-bit address bus which is decoded 
internally. The bi-directional data input/outputs of corresponding devices 
are tied together to form the 8-bit output bus. 

Since all devices are of the dynamic type, the array requires a 3-phase clock 
for each read or write cycle. CLOCK 1, CLOCK 2 and CLOCK 3 are generated on 
the timing board. Refer to the gate shown in Figure 96-420-01 Sheet 3 A8A. 
Memory clocks pass through this gate to the RAM during memory refresh request 
cycles or when CARD SELECT is active. CARD SELECT is a con^)osite signal which 
enables the clock gate whenever the address decoding logic detects a bus 
address that specifies these RAMs. During character refresh cycles, CARD 
SELECT is activated by the address multiplexer. Clock gate will be enabled 
during memory refresh request, character refresh, or whenever the address on 
the system bus defines the video buffer. The output of ASA is applied to the 
circuitry shown in Figure 96-420-03 Sheet 7. This circuitry converts the 
clock signal levels to +5, -15 volts so that the RAMs can utilize them. The 
clocks are distributed in parallel to all devices in the memory array. 

5.2.1 CPU READ 

The CPU initiates a RAM whenever the program encounters an address outside 
the internal addressing range of the processor (the ROM/PRCM segment of system 
memory). When this occurs, logic on the processor board generates a CPU BUS 
REQUEST. The CPU has the highest priority within the system. The processor 
places the desired address on the system's bus. 

Refer to Figure 96-420-01 Sheet 1. This is the character refresh board's 
address decoder section. An address within the range of the video buffer, 
(defined by the upper five bits of the address bit) results in an ADDRESS 
DECODE 1 or an ADDRESS DECODE 2 output from the address decoder. Both outputs 
are applied to the address multiplexer AIJ/ AIF/ AlH/ AlK. System priority 
logic inhibits character refresh during a CPU BUS REQUEST. The address 
multiplexer selects and forwards the 11 low order bits on the address bus to 
the RAM array shown in Figure 96-420-03 Sheet 6. The two outputs of the 
address decoder go to the RAM as CHIP SELECT 1 and CHIP SELECT 2, The page 1 
or page 2 RAM bank will be enabled accordingly. 

The ADDRESS DECODE 1 and ADDRESS DECODE 2 outputs are ccanbined to generate the 
select data bus signal. Tills signal becomes CARD SELECT which is used (See 
Figure 96-420-01 Sheet 3) to enable the RAM clock gate. The eight sense 
amplifiers in Figure 96-420-01 Sheet 7 are coupled to the output gate shown in 
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Figure 96-420-01 Sheet 2 A2D and A2E. Refer to Figure 96-420-01 Sheet 1. The 
SELECT DATA BUS signal combines with the READ DATA output of the processor 
producing READ DATA GATE A2J-4. This signal enables the bus output gates A2D 
and A2E shown on Sheet 2 allowing the RAM data to pass back to the processor 
via the system data bus. 

5.2.2 CPU WRITE 

During the CPU write cycle, the processor initiates a CPU BUS REQUEST and 
places an address on the system bus. WRITE DATA will be active instead of READ 
DATA. 

Refer to Figure 96-420-01 Sheet 1. Since CPU BUS REQUEST supersedes all 
other requests, the CHARACTER REFRESH will be momentarily inhibited. The CHIP 
SELECT signals are passed through the address multiplexer and are applied 
directly to the RAM array. The CARD SELECT output of the multiplexer will be 
active, enabling the RAM clock. The WRITE ENABLE output of the multiplexer will 
also be true because the WRITE DATA input from the system bus is true. READ 
DATA will be inactive, disabling the RAM data output gate shown in Figure 
96-420-01 Sheet 7 A2D and A2E. 

The RAM input multiplexer forwards the contents of the system data bus directly 
to the RAM inputs. A direct path is established between the CPU's data bus 
outputs and the data inputs of the RAM array. WRITE ENABLE permits the 
3-phase clock signal to enter this data into the addressed RAM location. 

5.2.3 REFRESH CYCLE 

Refresh cycling is initiated at the beginning of each horizontal interval. 
The object is to refresh an entire row within the RAM chip. Only the low 
order 6-bits of the address are significant during refresh. The address 
multiplexer (shown in Figure 96-420-01 Sheet 2) establishes an address path 
between the refresh request logic on the timing board and the address inputs of 
the RAM array. MEMORY REFRESH supersedes CHARACTER REFRESH in the order of 
system priorities (Refer to Figure 96-420-01 Sheet 3). A CPU BUS REQUEST or a 
MEliORY REFRESH REQUEST can Inhibit the CHARACTER REFRESH output of the A5K-6. 
CHARACTER REFRESH, which controls the address multiplexer, is false during any 
RAM refresh cycle. The address placed on the system's bus by the timing 
board's refresh logic will be forwarded through the multiplexer to the address 
inputs of the RAM matrix. 

Refer to Figure 96-420-01 Sheet 3. Refresh of the dynamic RAM requires 
enabling the RAM clock gate, so that the internal pre-charge and re-write 
circuitry of the RAMs can be activated. MEMORY REFRESH REQUEST enables the 
RAM clock gate for one full memory cycle (A8A) . The contents of the bus are 
immaterial during refresh, since logic within the RAM chips themselves 
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establishes an internal connection between the output of each column amplifier 
and the corresponding write input. Data currently in the device is simply 
restored. 

Any access, read or write, refreshes every column within the selected address 
row. The critical requirement during refreshing is that each of the 64 rows 
within the RAM array be accessed frequently enough to ensure an adequate 
refresh rate. Two memory cycles always intervene between successive machine 
cycles of the processor- so that the two-phase refresh cycle is always 
completed within 3 memory cycles of horizontal retrace. 

5.2.4 SCREEN REFRESH 

The video circuits, (shown in the block diagram of Figure 5-8) read binary 
coded digital information out of the RAM, generate a video signal from this 
information and output the signal, together with horizontal and vertical 
blanking pulses to the CRT. The CRT, combines the video and blanking pulse 
with horizontal and vertical drive signals to drive the cathode ray beam. 

There are two types of information read out of RAM. Every ten scan lines 
the video circuits read 80 characters out of the RAM. Prior to every video scan 
field they read the location of the cursor, special display effects Information- 
and so forth. The binary coded character data is transformed into a signal that 
represents the character dot pattern on the CRT. This is combined with the 
cursor and special display effects information and output as a TTL level video 
signal. 

The video circuits use a series of registers that store data output from the 
RAM- a character generator that generates the dot pattern for all characters 
and supporting logic that generates various RAM addressing, timing, and access 
control signals. (See Figure 5-8.) 

During vertical retrace, a SYSTEM RESET signal from the display row counter 
(on the timing board) is supplied to the timing and control logic. This 
presets the ElAM address counter to read RAM address X'lOOO'. At the same 
time, memory cycle request and read ccmmand are generated. 

From this time on, six RAM registers are read out in sequence. The RAM 
address counter is advanced by one count every time a readout is completed. A 
new moaory cycle is generated before each new readout. 

The first two RAM registers read out contain the cursor row and column address 
(location X'lOOO' andX'lOOl'). This data determines the row and character 
column at which the cursor is to appear on the screen during the next field. 
Next, is location X'1002' (if a character input from the keyboard is available.) 
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The RAM register at X'1003' is read. The data is stored in the function 
register. It contains information that actuates the audible tone alarm. 
Next, location X'1004' is read. Its contents are decoded by the control 
decoder and stored in the display effects register. This data determines 
whether the display is started with any special display effects. 

The page start row address is read out of location X' 1005' , entered into the 
page register, translated to a binary number, and entered into the RAM address 
counter. This completes the RAM reading sequence. With the next memory 
cycle, reading of display data begins. 

Reading data out of the RAM is performed during 25 different intervals and 
during each interval 80 RAM locations are read. For one full video scan field, 
a total of 25 X 80 = 2000 locations are read. These represent the 80 
character spaces on each of 25 display lines on the screen. The first 24 
lines are read out of 1920 contiguous RAM locations, starting at the address 
entered into the RAM address counter. The 25th line, (which identifies the 
operating mode) is read starting at location X'1030' through location X'107F'. 

The reading of the first 80 characters is performed with the first available 
memory cycle (after reading location X'1005'). The 80 characters are serially 
loaded into shift register 1 and from there into shift register 2. Each of 
the 80 characters is consecutively output from shift register 2 into the 
character generator, where it causes the generation of the first (topmost) 
scan line dot pattern signal. The characters are also supplied from shift 
register 2 to the control decoder. Bits 7, 6, and 5 are interpreted to check 
for a special display effects code. 

The character generator does not respond to a display effects code. Instead 
the display effects register is loaded with the special display effects 
information. 

The 80 characters are recirculated back to the input of the shift register 
2. With the start of scan line 2, the sequence of outputs to the character 
generator, as well as the recirculation of shift register 2 is repeated. The 
character generator outputs the dot pattern of all 80 characters for scan line 
2. This is repeated a total of ten times, causing the character generator to 
output the dot pattern for all 10 scan lines of each character. 

While the dot patterns are generated and shift register 2 is being recircu- 
lated, shift register 1 is loaded with the next 80 characters. These characters 
are read out of the RAM. 

During scan line 10 of row 1, the data in shift register 2 is not recirculated 
again, instead the data from shift register 1 is transfered into shift 
register 2. This sequence takes place during every video display row on the 
screen (a total of 25 times). 
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The output of the character generator is combined with the cursor signal, 
altered (if necessary to create any special display effects) and mixed with 
horizontal and vertical blanking information, then output as a TTL video 
signal. 


5.2.5 VIDEO REFRESH INITIALIZATION CYCLE 

Initialization of the video refresh circuitry takes place every vertical retrace 
Interval. During initialization the contents of selected software registers are 
transferred to hardware registers in the video refresh control circuitry, 
establishing conditions for the next vertical frame. The initialization 
counter (shown on 96-420-01 Sheet 3), the video refresh address counter (shown 
on 96-420-01 Sheet 1). and the video refresh data register (shown on 96-420-01 
Sheet 2) are described below. 

Screen refresh begins with the SYSTEM RESET pulse from the timing board. (See 
Figure 5-9.) The leading edge of SYSTEM RESET occurs after the start of a 
vertical blanking interval. Refer to Figure 96-420-01 Sheet 1. SYSTEM RESET 
is applied to the "clear" input of the address counter A3J, A3H, A3F, 
preloading the counter value to X'OOO'. Only the 11 low order bits of the 
address counter are significant to the 2K RAM chips in the video buffer array. 
With CHIP SELECT active, the effective RAM address is X'lOOO'. Refer to 
Figure 96-420-01 Sheet 3. SYSTEM RESET is applied to the "load" input of the 
sequencing counter A6H-9. The trailing edge of *CL0CK 3 preloads this counter 
with X'B'. The output of the initialization counter is applied directly to a 
BCD to decimal decoder A7H. 

Assume that no CPU BUS REQUEST of MEMORY REFRESH REQUEST occurs to Interface 
with the CHARACTER REFRESH cycle. With CPU BUS REQUEST and MEMORY REFRESH 
both inactive, the enable input to the initialization counter will be contin- 
uously true. The trailing edge of each *CL0CK 3 pulse will increment the 
sequencing counter. 

With the sequencing counter preset to X'B', the QA output at A6H, Pin 14 will 
be true, causing CHARACTER REFRESH to be active. CHARACTER REFRESH true 
causes the address multiplexer (Figure 96-420-01 Sheet 2 A3J, A3H, A3F) to 
select the output of the video refresh address counter and address the inputs 
of the RAM array. The CIDCK 3 input (AlK-13) is gated through the multiplexer 
and becomes DATA REGISTER CLOCK. The contents of RAM address X'lOOO' are 
clocked into the data register. (See Figure 99-420-01 Sheet 2 A3D and A3E.) 

The same CLOCK 3 pulse increments the sequencing counter, which bumps the 
contents from X'B' to X'C' . This activates the CURSOR REGISTER GATE output of 
the BCD to decimal decoder. (Figure 96-420-01 Sheet 3 A7H, Pin 4) This 
allows the leading edge of the subsequent CLOCK 3 pulse to transfer the 
contents of the data register into the cursor row register A4E. The cursor row 
register now contains the data vdilch was located at X'lOOO'. 
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FIGURE 5-9 VIDEO REFRESH INITIALIZATION TIMING 





Several things were going on simultaneously. Refer to Figure 96-420-01 Sheet 3, 
The output at A5J-3 enables the sequencing counter A6H. During CHARACTER 
REFRESH cycles, this counter is enabled by the CHARACTER REFRESH output at 
A5J-2. To enable the CHARACTER REFRESH line requires that A6H-14 be high. 
Character Refresh will be true on alternate cycles of *CL0CK 3. During those 
cycles in which CHARACTER REFE^SH is Inactive, the sequencing counter enables 
itself via A6H-14 and A5J-1. Therefore, the counter wil register each CLOCK 3 
pulse, while the logic whose gating depends on an active CHARACTER REFRESH 
signal will be clocked only on every other impulse. 

Refer to Figure 96-420-01 Sheet 1. The address counter is advanced by 
*CL0CK 3. However, its count input is enabled directly by the CHARACTER 
REFRESH output of the initialization counter. This counter reacts to every 
other CLOCK 3 impulse. The video refresh data register (Refer to Figure 
96-420-01 Sheet 2) is clocked by a derivative of the CLOCK 3 timing signal. 
Refer to Figure 96-420-01 Sheet 1. CLOCK 3 passes through the address 
multiplexer becoming DATA REGOSTER clock. The multiplexer is operated by 
CHARACTER REFRESH. CLOCK 3 is divided by two before it drives the data 
register. 

Refer to the timing diagram Figure 5-9. The address register is preset to 
X'lOOO' on the trailing edge of the first CLOCK 3 pulse. Clocking of the 
register is dependent on the CHARACTER REFRESH line. The counter will not be 
clocked again until two full periods of the CLOCK 3 signal have elapsed. When 
CHARACTER REFRESH goes true, on the trailing edge of the second CliXIK 3 pulse, 
the address ciurrently stored in the address register (X'lOOO') will be applied 
directly to the address Inputs of the RAM array. The third CIGCK 3 pulse not 
only advances the address register (to X'lOOl') but also clocks the contents of 
address X'lOOO' into the data register. The address register contains the 
address X'lOOO'. The fourth CLOCK 3 impulse in conjunction with ROW GATE 
clocks the contents of the data register into the row register. 

The output of the sequencing counter (Figure 96-420-01 Sheet 3 A6H) is 
reversed. The 'QA' output of A6H goes to the 'D' Inupt of A7H. The result is 
the counter maintains a linear counting sequence, but the output of the 
decoder is not sequential. While the counter proceeds through the states 
11, 12, 13, and 14, the input to the decoder Jumps from 13 to 3 to 11 to 7. 

CHARACTER REFRESH goes true on every other memory cycle; enabling the RAM 
clock gate via the CARD SELECT output of the address multiplexer. This 
strobes the contents of the current address into the data register, and 
advances the address counter. Between CHARACTER REFRESH cycles, the contents 
of the refresh data register is moved into the appropriate hardware register 
by the load strobe output of the sequencing decoder. 
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The fifth CLOCK 3 impulse clocks the contents of address X'lOOl' into the data 
register and increments the address counter. At the same time, COLUMN GATE 
(Figure 96-420-01 Sheet 3) goes true, enabling the sixth CLOCK 3 impulse to 
transfer the contents of the data register to the cursor column register (A5D 
and A4D). The cursor column address which the software has stored in location 
X'lOOl' is transferred to the column register in the video refresh hardware. 

On the third phase of the initialization cycle instead of reading data out of a 
software register, the logic transfers any pending character from the keyboard 
into RAM location X'1002'. 

Following the trailing edge of the fifth CLOCK 3 pulse, (Figure 5-9) the 
address register counter will contain X'’1002' (the destination of the keyboard 
input). The initialization counter contains X'E' (A6H). Refer to 96-420-01 
Sheet 3. The trailing edge of the 6th CLOCK 3 pulse causes the CARRY output 
at A6H Pin 15 to go true. WRITE KEYBOARD GATE controls the transfer of 
information between the keyboard and RAM. (Figure 96-420-01 Sheet 1 A3J, A3H, 
and A3F) VJRITE KEYBOARD GATE is combined with WRITE CHARACTER ENABLE of the 
keyboard Interface circuit. These signals produce the CLICK ENABLE and WRITE 
ENABLE. CHARACTER REFRESH is true at this time. Both WRITE ENABLE and CARD 
SELECT are presented to the RAM array and to the RAM clock gate. Refer to 
Figure 96-420-01 Sheet 2. The RAM input multiplexer selects the input from the 
keyboard since SELECT DATA BUS is inactive during memory activity. The 
ke^^oard input character is written into RAM location X'1002'. 

Four full cycles of CLOCK 3 elapse before the address counter is advanced to 
location X'1003'. The function register (Figure 96-420-01 Sheet 5 ABC) is 
loaded with the contents of X'1003'. The contents of the condition register 
are preloaded into the hardware condition register (A9C) . The contents 
of the page register, which determines the first line of the video buffer 
displayed on the screen are loaded into the video refresh address register 
(Figure 96-420-01 Sheet 2). 

Refer to Figure 96-420-01 Sheet 1. The address register contains a value 
between X'Ol' andX'19'. This value identifies the first row of the video 
buffer which will be displayed on the screen. The video buffer begins at 
X'1030'. There are 80 columns in each row of the display (X'50'). The first 
X^^50' locations are dedicated to the 25th line of the display. The working 
buffer begins at address X'lOBO'. 

5.2.6 BUFFER ACCESS AND RECIRCULATION CIRCUITRY 

At the end of screen refresh initialization, the initialization counter 
(Figure 96-420-01 Sheet 3 A7H) contains X'A'. The "load" input of the 
sequencing counter will be enabled and the next *CL0CK 3 pulse will preload 
the coimter with the value 9. The STATE 9 output of the decoder will be true. 
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The Initialization logic now enters a different nK)de of operation in which it 
toggles back and forth between LOAD CHARACTER REGISTER and the STATE 9 phase. 
Each time LOAD CHARACTER REGISTER goes true, the contents of the memory 
location currently in the address register will be strobed into the data 
register. The address register is Incremented, so that it always maintains 
the address of the next character in video buffer. This is used to load the 
first 80 columns of the video buffer into the low-speed shift register. (Refer 
to Figure 96-420-01 Sheet 4 Afil, ASF.) 

The LOAD CHARACTER REGISTER output from the sequencing section is used to 
develop a clock for the low-speed shift register. The LOAD CHARACTER REGISTER 
signal is combined with NEW *CL0CK 3 to drive the low-speed register. The 
contents of the data register (the character which originated in the video 
buffer section of RAM) is transferred into the shift register. 

Shift register capacity is 80 characters. Each cycle of the sequencing logic 
produces a new LOAD CHARACTER REGISTER pulse and hence a new character entry 
into the shift register. 

When 79 characters of the first display row have been shifted into the low 
speed register, A8H-1 will go true. This output, in conjunction with the next 
LOAD CHARACTER REGISTER signal, will cause the CLOCK 3 inq>ulse (which strobes 
the final cliaracter into the low-speed register) to reset the J-K flip-flop 
shown in Figure 96-420-01 sheet 4 (A8K) . The SHIFT REGISTER FULL output 
returns to the sequencing logic in Sheet 3 (A7K-9). SHIFT REGISTER FULL 
inhibits the output of A5K-6, preventing further CHARACTER REFRESH REQUESTS and 
halting the sequencing logic. 

The TRANSFER CHAE(ACTER output from the timing board goes true during the last 
scan line of each display row. This disables the RECIRCULATE Inputs of the 
high-speed register, forcing it to load the output of the low-speed register. 
During transfer, both registers must be clocked in synchronism. This is 
accomplished by the RECIRCULATE CLOCK which is formed by SHIFT GATE and the 
SHIFT CLOCK from the timing board. The result is fed directly to the "clock" 
Inputs of the high-speed register. The low-speed register is also clocked by 
the RECIRCULATE CLOCK during the time that the TRANSFER CHARACTERS signal is 
active. Refer to Figure 96-420-01 Sheet 4. Recirculate Clock passes through 
AllE-11 and A8J-6 to the "clock" inputs of the low-speed register. At the 
start of the vertical frame, and at the end of each visible row, the contents 
of the low-speed register are dumped into the high-speed register for 
recirculation through the character generator. 

At the end of the transfer, the TRANSFER CHARACTERS line goes false. The 
high-speed shift register lapses into the recirculate mode, and the low-speed 
register is empty except for the lone "1" in the least significant bit at the 
bottom of the stack. (This bit is loaded into the shift register by the 
coincidence of TRANSFER CHARACTERS and the Count 79 output from the system 
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timing board.) When TRANSFER CHARACTERS goes false, logic on the timing board 
raises the CLEAR SHIFT REGISTER FULL signal. (Figure 96-420-01 Sheet 4 A8K-1) 
This enables CLOCK 3 to reset the SHIFT REGISTER FULL output, and enables the 
CHARACTER REFRESH request logic on Sheet 3. The refresh logic begins loading 
the next display row into the low-speed shift register. This process is 
repeated with each row of the display, until 24 lines have been put on the 
screen. The character refresh logic then refreshes the 25th display row. 

5.2.7 25TH LINE 

When the 24th line of the screen has been transferred from the low-speed shift 
register to the high speed recirculator register, the timing board produces the 
LOAD MEMORY ADDRESS REGISTER output (LOAD MAR). This resets the video refresh 
address register in preparation for the loading of the 25th line. 

Load MAR coincides with the CLEAR SHIFT REGISTER FULL output at the start of 
the 24th row. Refer to Sheet 1. LOAD MAR enables the '*load** input of the 
address register. X'1030^ is loaded directly into the address register by 
*CL0CK 3. Address X'^1030^ contains the control row information placed there 
by the firmware. The loading and recirculation of the 25th row is identical 
to that of the preceeding twenty-four. 

5.2.8 CHARACTER GENERATION 

The sequencing logic selects the proper video buffer addresses and loads the 
contents of these into the low-speed shift register. These characters are 
transferred into the high-speed shift register during the time that the 
TRANSFER CHARACTERS line is active. Wlien TRANSFER CHARACTERS is inactive (at 
the beginning of a new row) the RECIRCULATE inputs of the high-speed shift 
register are pulled low. Data in the register continues to be re-cycled 
through the next 10 horizontal lines while this row is being refreshed. 

Circulation is maintained by the RECIRCULATE CLOCK (which occurs 80 times 
during the visible portion of each horizontal scan line). The high-speed 
register has a capacity of 80 characters. Information stored in the register 
undergoes 10 revolutions during a row interval. Each character contained in 
the high-speed register is presented 10 times to the character generator ROM 
(once for each scan line) . 

Seven bits of each recirculating character represent an address input to 
the ROM. More information is needed to completely specify the charaacter 
generator"^ s output, since the 10-bit sequence varies each scan line. The Scan 1 
through Scan 8 outputs of the timing board provide the additional information 
needed. Each line of each character output from the recirculator register 
results in a unique output from the character generator ROM. This output is 
presented in parallel to the inputs of the video shift register A9J. (Sheet 4.) 
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The LOAD GATE output from the timing board with the trailing edge of BIT CLOCK, 
load the current output of the character generator into the video shift 
register. During the next eight periods of BIT CLOCK, the byte is serialized 
and presented to the video mixer as the RAW VIDEO signal. The serial input to 
the shift register at A9J Pin 1 is tied to the +5 Volt supply through pull-up 
resistor R59. As a result, the 9th and 10th impulses of the BIT CLOCK shift 
zeros onto the RAW VIDEO line. This dark interval corresponds to the standard 
spacing between adjacent columns of the display. 

Mo character requires more than eight lines for its display. The centering of 
individual characters on the matrix can vary, so there are actually nine 
visible scan lines in a row, (even though only eight of them are used) . This 
deals only with certain lower case characters such as "j" and "y" which occupy 
lower portions of the row not needed by any other characters. The gate network 
shown on Sheet 4 A8J, AIDE, and A9D eliminate the need for a 2K ROM. The 
video shift register is selectively loaded when the output of the scan line 
counter is '8' (last visible line of the row) and when the output of the 
counter is '0' (the first visible line in each display row). Typically 
display characters are loaded into the shift register during scan ' 0 ' through 
scan '7'. Characters such as "j","p", and "y" \diich have descenders, will be 
loaded only during scan line 1 through scan line 8. This means the need for a 
2K ROM has been eliminated by selective loading the character generator chip. 

5.2.9 CURSOR GENERATOR 

The cursor generator circuits are shown on Sheet 3 (lower half of the 
page). The cursor row register A4E is loaded with a hexadecimal value between 
X'OO' and X'30' corresponding to the screen row in which the cursor appears. 
The column register (A4D and A5D) is loaded from the software column register 
at RAM address X'lOOl' which contains a value between X'OO' and X'4F' 
corresponding to the cursor's column address. 

The column register is loaded with the ones complement of the data in the data 
register. The register is incremented by the same RECIRCULATE CLOCK that 
drives the high-speed shift register. This clock is gated with TRANSFER 
CHARACTERS so that the column counter is active only during the last visible 
scan line of each display row. When the register overflows, it will be 
preloaded with the complement of X'50'. The counter will overflow repeatedly 
during the last visible scan line of every display row. The "carry" output of 
A4D marks the desired column and the desired scan line in each horizontal row. 
This output is applied directly to the "equals" input of the conq>arator 6E and 
5E. 

Inputs to the two-stage comparator come from the cursor row register and the 
page register. The page register is loaded during initialization, with a 
binary value that identifies the first visible row displayed on the screen. 
This register is incremented on the TRANSFER CHARACTERS gate at the end of 
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When the outputs from the cursor row register, the page register, and the 
overflow output from the cursor column register occur at the same time, the 
output of the comparator (A4E-6) will go true resulting In a Cursor output. 
The duration of which corresponds to the period of load gate. The cursor 
signal Is applied to the video mixer logic shown on Sheet 5. 

5.2.10 ATTRIBUTE DECODING AND CONTROL 

Special display effects characters (attributes) are distinguished by the 
binary prefix 100 In the 3 most significant digits. Refer to Sheet 4. The 
output of the recirculator shift register Is monitored by AllE and AllF. If 
the presence of an attribute character Is immediately detected, CONTROL DECODE 
goes true and Is sent to the attribute logic shown on Sheet 5. 

In the attribute logic the control decoder's output Is combined with the SHIFT 
CLOCK to enter the low order 5-bits of the recirculator register's output 
Into the control register A9C (C2). These five bits go to the video mixing 
logic to produce the special display effects. The output from the control 
decoder activates the blank character generator. This output drives the 
inverted Input of the character generator ROM to suppress any display when an 
attribute Is present. 

The condition register shown on Sheet 5 (A9C) is effectively a memory register. 
It Is loaded from the software condition register during video initialization to 
establish the pre-existing screen condition at the start of every vertical 
field. The register can be loaded directly from the BIECIRCU- LATOR SHIFT 
REGISTER. The condition register Is designed to save the last attribute 
character In the preceding row of the display. This is necessary in order to 
re-establish the Initial control conditions at the start of a row. ow. The 
output of the condition register Is loaded automatically Into the control 
register at the start of horizontal retrace, by Inverted SHIFT GATE and the 
SHIFT CLOCK signal. Control Information Is not encoded. Each of the five 
significant bits In an attribute character controls one of the special effects 
individually. This permits the creation of special effects in any desired 
combination. 

5.2.11 VIDEO MIXING AND OUTPUT 

The mixer logic Is shown on Sheet 5 on the lower half of the page. The 
horizontal and vertical blanking signals are combined to produce a composite 
blanking signal, and then mixed with the RAW VIDEO signal from the video 
serialization register to produce the composite video signal. The CURSOR 
output and outputs from the control character logic are combined with the basic 
video signal to produce the underscore, reversed polarity, half-intensity, and 
the blank character effects. The half-intensity effect Is obtained by 
shortening the effective duty cycle of BIT CLOCK, rather than attempting to 
modulate the level of the video signal. 
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5.2.12 KEYBOARD AND KEYBOARD INTERFACE 


ASCII encoded characters are stored In location X'1002' . The processor 
scans this location periodically, discriminating between dlsplayable and 
executive keystrokes. 

Display characters undergo limited processing. Control characters never 
appear on the display. The processor interprets control characters as commands 
and transfers control to the appropriate subroutines. All codes between X'OO' 
and X'lF' represent functions, X'20'’ to X'7F' represent dlsplayable alpha- 
nunerlcs. 

All control characters are charcterized by the numeric prefix '100' in the 
three most significant bit positions. The video refresh logic recognizes this 
prefix and suppresses the display when It occurs. The system discriminates 
aganst control characters during display, but not during keyboard entry. 

Keyboard logic consists of the keyboard interface circuits located on the 
charcter refresh board, and the keyboard circuits within the keyboard 
enclosure. The keyboard circuits generate a unique 8-bit character code 
whenever a key on the keyboard is depressed. This code is accompanied by a 
synchronizing strobe. Both the strobe and the ASCII code are applied to the 
interface circuits on the Charcter Refresh board. The interface writes the 
character into the keyboard input register (X'1002') and generates acoustic 
feedback for the operator. 

Certain keys are defined as repeatable. The keystroke is repeated auto- 
matically if the key is held down longer than 1/2 second. The STROBE output 
initiates each keystroke- but the KEYDOWN output maintains the auto-repeat. 

Encoded data from the keyboard enters the Interface circuits via the keyboard 
cable which attaches to connector B on the character refresh board. Refer to 
Sheet 2. Key depression Is signalled by the CHARACTER STROBE line. The 
trailing edge of the subsequent CLOCK 3 pulse sets the flag flip-flop A6K. 
The incoming character is not written immediately into the keyboard register 
at location X'1002'. The actual entry of data always awaits the vertical 
blanking interval, during which the video refresh circuits get initialized. 
The Q output of the flag flip-flop concurs with the not-Q output of the reclock 
flip-flop (A6J) to produce write CHARACTER ENABLE. 

Refer to Sheet 3. SYSTEM RESET occurs during the vertical blanking interval 
and always loads the initialization counter at the start of a frame and at the 
same time presets the refresh address counter to X'lOOO'. Two cycles later, 
the cursor row and column registers will have been loaded from locations 
X'lOOO'and X'1002' (the address of the keyboard input register). One more 
cycle, and WRITE KEYBOARD GATE signal goes true. 
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The reclock £llp-£lop Is set, inhibiting WEILTE CHARACTER ENABLE and activating 
the ACKNOMLEDGE output. The next two clock pulses clear the £lag £lip-£lop 
and the reclock £lip-£lop, resetting both to their pre-input states and 
conq>letlng the keyboard entry cycle. The timing o£ events during this cycle 
is shown in Figure 5-10 and on Sheet 1. 

WRITE KEYBOARD GATE combines with WRITE CHARACTER ENABLE to produce CLICK 
ENABLE. CLICK ENABLE will be £orwarded to the RAM as WRITE ENABLE. The CARD 
SELECT output o£ the multiplexer will be true, so the RAM bu££er receives 
three-phase clocks during this memory cycle. The data bus-multiplexer on 
Sheet 2 selects the keyboard input (since SELECT DATA BUS is £alse) and as a 
result, the ASCII input £rom the keyboard is written into RAM location X'1002'. 

CHARACTER STROBE along with NEW *CL0CK 3 trigger the repeater one-shot ^en the 
character arrives £rom the keyboard. I£ the key is immediately released, KEY- 
DOWN will be £alse upon completion o£ the write cycle. The output at A5J-6 
will be high and every successive CLOCK 3 pulse will retrigger the one-shot. 
I£ the key is held down this re-trlggerlng will be prevented and the one-shot 
will time out alter approximately 1/2 second. I£ Bit 10 is simultaneously 
true, (indicating a repeatable character) the output o£ A7K-11 will go high. 
CLOCK 3 will be repeated with every vertical £rame and the key strokes are 
repeated automatically at a rate o£ approximately 60 Hz. 


5-29 



•V BLANK CLOCKS 


CLOCK 3 


CHAR STROBE 


FLAG FF 


RECLOCK FF 


WRT CHAR 
ENABLE 


U BLANK 


WR KEYBOARD 
GATE 


WRITE ENABLE 



RAM ADDRESS 


LOC'1002' 


NEW CHARACTER 


FIGURE 5-10 KEYBOARD RAM - WRITE 


5.3 


8080 MICROPROCESSOR 


5.3.1 MICROPROCESSOR CIRCUITS 

The microprocessor reads and writes into the RAM memory and communicates with 
peripheral devices (including the screen and the keyboard). It also establishes 
the screen conditions when power is first applied. Optionally, the processor 
board may include a 256 x 8 hardware stack and a programmable Interval timer. 

Figure 5-11 is a block diagram of the circuits on the processor board. The 
board contains an 8080 CPU, the CPU clock generator, both PROM and ROM, bus 
control logic and the gates and buffers needed to integrate these sections. 

The clock generator provides the clocks that drive the CPU. The status latch 
contains the status byte transmitted during the first phase of each machine 
cycle. It presents this to the memory and bus control logic where the 
direction and synchronization of data transfers are developed. 

The CPU is isolated from the system bus by the data output gate and the input 
latch. The processor is normally disconnected from the bus. Most of the 
time, the CPU will be executing programs directly from ROM and PROM. This 
means the CPU only infrequently references the RAM or I/O ports via the system 
bus. This frees the bus for RAM refresh, for video refresh, and for the IXIA 
transfers executed by peripheral controllers. 

In a typical instruction cycle from ROM or PRCM, the CPU places an address on 
the processor board's internal address bus to access a desired item or 
instruction in RCM or PROM. Because no BUS REQUEST is issued, the main address 
gate remains disabled so the address never appears on the bus. The addressed 
ROM or PROM (which contains the data) places this data on the input bus (ROM 0 
- R(^ 7). The data will not appear on the system data bus. The data passes 
through the input gate to the stack bus and through the bi-directional buffer 
to the CPU data bus. No BUS REQUEST is issued for addresses that fall within 
the block controlled by the processor board. 

In systems equipped with the optional 256 x 8 hardware stack, the CPU can 
place and retrieve data from the stack without ever issuing a CPU BUS REQUEST. 

RESET gate (shown in the block diagram) is used to force a RESTART instruction 
into the CPU during the keyboard reset command. This is not the same as a 
true hardware reset of the CPU (which would destroy the data and address in 
the CPU.) Instead, control of the processor is transferred to location X'0008' 
in the firmware executive. This causes the terminal to enter the Rep Form 
mode without disturbing the data on the screen. 
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Addresses which are outside the range covered by the CRT's on board memory 
generate the memory and a CPU BUS REQUEST. This places the memory address on 
the system bus. The data from the addressed device returns via the system bus. 

5.3.2 CLOCK GENERATOR 

The clock generator is shown in Figure 96-415-03 Sheet 1. 02 is developed 
directly from SHIFT CLOCK. The 01 output is developed from SHIFT CLOCK and BIT 
CLOCK (run through a shift register delay (AllJ). Both the 01 and 02 signals 
are conditioned MOS level signals suitable for the 8080 CPU. Timing relation- 
ships are shown in Figure 5-12. 

The 8080 (Sheet 1) outputs a status byte on the data bus during the initial 
phase of every machine cycle. This byte provides status and directional 
information. The status latch is activated by the CPU's SYNC output and the 
leading edge of the 01 clock. (This identifies the T1 phase in each machine 
cycle.) Any data on the bus at this time is stored in the status latch shown 
on Sheet 2 A7J. The individual status bits are summarized in Figure 5-13. 
Status signals are available to the memory synchronization logic on Sheet 2 and 
the bus control and timing logic shown on Sheet 3. 

5.3.3 MEMORY SYNCHRONIZATION SECTION 

The memory synchronization logic consists of a programmable timer and a 
control flip-flop (Sheet 2).\ The concurrence of 01 and SYNC loads the status 
and produces an INTERRUPT output from the 8212 input/ output port IC (A7J Pin 
23). This is applied to the "set" input of the control flip-flop (A9D Pin 10) 
producing a READ output to the synchronization counter. 

The READ output from the control flip-flop with the leading edge of SHIFT 
CLOCK 1 preloads the counter and resets the control flip-flop. The high 
performance 1702A PROMs used on the processor board have better access 
characteristics than do the ROMs. The value preloaded into the synchronization 
counter depends upon the type of memory being accessed. The ENABLE ROMs 
signal shown on Sheet 2 is developed in the chip select logic on Sheet 7 and 
distinguishes a ROM from a PROM. The ENABLE ROMs input with the MEMR status 
bit produces the READ FROM ROM signal, which selects a preload value of a 
decimal 13. TIMEOUT goes false when the counter is preloaded, inhibiting the 
READY input of the CPU as shown on Sheet 2. 

The synchronization counter is incremented by the SHIFT CLOCK 1 input from the 
timing board. After two periods of SHIFT CLOCK, the counter's TIMEOUT output 
goes true, inhibiting the counter and restoring the READY input to the CPU. 
This process causes the insertion of two WAIT STATES between the T2 and T3 
phases of the machine cycle. Timing relationships during ROM access are shown 
in Figure 5-14. 
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FIGURE 5-14 CPU MEMORY SYNC (ROM ACCESS) 


1£ the processor had been accessing a PRCM rather than a RCM, the ENABLE ROMs 
input to the synchronization logic would have been false. As a result, the 
preload value would be decimal 14 rather than decimal 13. The counter would 
timeout after only one period of the SHIFT CLOCK, allowing the CPU's machine 
cycle to proceed at the end of a single WAIT Interval. This means the 
processor delays longer when reading from ROM than when reading from PROM. 

Events during a RAM read are different. The dynamic RAMs used for storage in 
the 9003 have much better access times than either the ROMs or the PROMs. 
The high-speed of the dynamic RAMs Is offset somewhat by the delays introduced 
by the system bus protocol. 

Refer to Sheet 2. The synchronization counter Is preloaded with a decimal 
14 at the beginning of machine cycles in which RAM is referenced (just as it 
would if reference were to PROM). However, the synchronization counter 
initiates the holding state, by inhibiting the CPU's READY input for one period 
of the SHIFT CLOCK. The inhibition input is maintained by the SYSTEM BUS 
REQUEST, as shown on Sheet 2 (AlOE Pin 3). SYSTEM BUS REQUEST remains true 
until the requested memory cycle Is over. When READY goes true, the CPU 
proceeds to T3. The time needed for manory synchronization is 3 to 4 cycles of 
the 01 clock. See Figure 5-15. 

5.3.4 R(M READ 

The CPU reads from ROM during the fetch of an instruction. The first machine 
cycle of every Instruction cycle begins with a fetch. A fetch is indicated by 
active Ml and MEMR bits in the CPU status byte. During the T1 phase, the 
status byte is latched in the processor's status latch as shown on Sheet 2 
(A7J). The memory synchronization timer is preloaded and started during T2. 

The address the CPU outputs at the start of T1 is applied to the RDM and PRCM 
enable logic shown on Sheet 7 where it is used to distinguish ROM from PROM 
on the basis of address blocks. If the address falls within the R(M range, 
ENABLE R(M 1, ENABLE ROM 2, or ENABLE RCM 3 wUl be selected. The ENABLE ROMs 
output will be active. ROM enable is applied directly to the RCM as shown on 
Sheet 5. The low order (eleven bits) of the processor's address bus are 
decoded by the ROM to select the proper memory location. Output from the RCM 
goes to the RCM bus. 

For the ROM output data to get to the CPU's data bus, it must pass through the 
gates shown on Sheet 4 (AIF and A2F). This gate is normally enabled. It is 
only inhibited during a reference to the on-board stack, or during a keyboard 
reset. The data passes through to the RAM/ROM bus where it is applied to the 
inputs of the bi-directional bus driver A1K/A2K. The data is forwarded to the 
CPU data bus where it is picked up by the processor. 
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5.3.4 


PRCH READ AND OVERLAYS 


Refer to Sheet 7. A PROM read would be indistinguishable from a RCM read, 
except for the chip select logic. Any address that falls within the first or 
last 8K of the system's memory results in enabling the input to the LOU/HIGH 
address selector switches through A12A. Switches enable or disable outputs 
for each of the four IK PRCM sockets on the processor board. Each PR(M bank is 
assigned individually to the high end or low end of system monory. Assignment 
is at the user's discretion. The first PRCM bank is usually assigned to the 
lower 8K. 

The upper and lower 8K address blocks are resolved into blocks of IK by the 
second address decoder shown on Sheet 7 (AllB). The IK chip selects are applied 
to decoders consisting of two 74155 de-multiplexers. Switches are used to 
enable particular multiplexer sections. The Inputs of the two multiplexers are 
driven in parallel from the Address 8 and Address 9 inputs to further resolve 
the address reference into a single 256 byte quadrant within the IK block. 
Each 256 byte sector is spanned by a single PROM. The outputs from the twD 
multiplexers can be used to enable a particular PROM, as selected by the 
socket enabling switches shown on Sheet 7. 

Whenever a CPU address falls within the range of the PRCMs on the processor 
board, the Enable PROlfe line will be active (A7C Pin 11). This inhibits the 
ROM Enable (A13A Pin 8) resolving any potential addressing conflicts in favor 
of the PROMs. This is known as overlay. Overlay lets sections of firmware in 
PROM supersede or supplant programs stored in RCM. Overlaying is useful for 
the addition of firmware options. It permits the user to patch or replace 
portions of the standard firmware to suit his application. 

The PROM array is shown on Sheet 6. Output bytes from the PROM follow 
essentially the same path to the processor as do outputs from RCM. 

5.3.6 SYSTEM BUS; 8AM READ AND INPUT 

t ¥ 

The processor shares the bus with other devices, including the RAM refresh 
logic, the video refresh logic and with any peripherals that may be attached 
to the terminal. The processor board's support logic Includes an 8-blt bus 
latch fdilch serves as a holding register for all data entering the processor 
via the system bus. The latch is shown on Sheet 3 (A6E). 

The CPU controls the direction of data transfers during input operations by 
its DBIN control line. Refer to Sheet 2 AllF Pin 2. DBIN is Instrumental in 
producing the DATA LATCH ENABLE signal. This signal removes the "clear" input 
to the data latch on Sheet 3 (A6E Pin 14), preparing the latch to receive data. 

A CPU bus request cycle begins by sending an address and a status byte in 
which the MEMR bit is set. Refer to Sheet 3. MEMR concurs with inactive 
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stack and ROM/FROM SELECT Inputs to produce ENABLE READ DATA A8J Pin 6. 
Passing through A9J-8 ENABLE READ DATA with DBIN (in the form of DATA LATCH 
ENABLE) enables the DS2 input of the data latch ("device select"). The final 
input to the input latch comes from the latch itself (a false LATCH FULL 
output). This is applied to Pin 1 of the 8212 A6E (DEVICE SELECT 1). 

DBIN through A1 OH-11 produces the ENABLE BUS REQUEST signal. This, combined 
with SELECT LATCH DATA produces the SYSTEM BUS REQUEST signal. At the same 
time, SELECT LATCH DATA removes the reset from the bus request flip-flop (Affli) 
permitting *CLOCR 3 to set it. This marks the b^lnnlng of a bus request cycle. 

CPU WRITE DATA, READ THIS CYCLE, and WAIT signals shown on Sheet 3 are not 
used in the standard 9003 system. The output of the bus request flip-flop 
goes directly to and produces the ENABLE ADDRESS BUS signal. CPU BUS REQUEST 
is the signal which inhibits all other system activity during the CPU memory 
cycle. ENABLE ADDRESS BUS activates both halves of the address bus. Because 
ENABLE READ data is active, the READ DATA output at A8K-11 is true. These 
outputs provide the RAM array with the information necessary to conq>lete its 
memory reference. The RAM responds by placing the requested data byte on the 
system bus. 

The ENABLE ADDRESS BUS output is coupled to A9F-6. This inhibits the output 
that set the latch originally. The leading edge of CLOCK 3 through gate 
AlOH-6 strobes the memory byte into the data latch. The trailing edge clears 
the bus request flip-flop and terminates the request cycle. At this time all 
CPU signals are cleared from the data bus and the request byte is stored in 
the data latch. The CPU will pick up the data from the data latch at the next 
T3 phase. 

Refer to Sheet 2. The CPU's memory synchronization line (READY) is inhibited 
when SYSTEM BUS REQUEST is issued, and terminated upon completion of the 
request cycle. Three to four WAIT STATES will be Inserted into the processor's 
machine cycle during a reference to RAM, due to Inhibition of the BlEADY LINE. 
The delay depends upon the phase relationship between the memory clock and the 
processor's clock at the time a bus request is Issued. Figure 5-14 shows the 
timing of RAM access. 

There are only minor differences between a RAH read and an input from a 
peripheral. Both operations initiate a CPU BUS REQUEST and both cause data to 
be deposited in the processor board's input latch. The method of synchronization 
is identical. Refer to Sheet 3. 

The 8080 distinguishes between memory read and input by activating the INP 
status bit at the start of the input machine cycle. IN, rather than ENABLE READ 
DATA, acts through A9J-8 to activate the input latch. IN, operating through 
AlOK-1, enables the Select Latch Data output to the bus request flip-flop. 
ENABLE COMMAND I/O will be active as a result of the IN status bit. This 
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activates the COMMAND I/O control line on the system bus, COMMAND I/O 
distinguishes an input operation from a memory read. There is no directional 
control information on the system bus during I/O operations. CCMIAND I/O will 
be true during both input and output. It is the responsibility of the 
peripheral to distinguish between an input and an output operation on the 
basis of device address. During 1/0 references, the upper 8 bits of the CPU's 
address bus represent the object address. This same information is displayed 
on the lower half of the address bus but is not used. 

5.3.7 SYSTEM BUS: RAM WRITE AND OUTPUT 

The CPU begins every memory write cycle by sending the status byte X'O'. The 
negative true WO flag is the only active bit. The destination address is 
placed on the processor's data bus during Tl. At the end of T2 the WR output 
indicates the direction of transfer. Data from the accumulator is placed on 
the bus during the T2 phase and remains valid throughout the duration of the 
WR output. Synchronization between the CPU and RAM is achieved by inserting 
WAIT states (TW) between the T2 and the T3 phases of the machine cycle. WR 
remains true from the end of T2 to the end of T3, regardless of the number of 
intervening WAIT states necessary to ensure sjnachronization. 

Refer to Sheet 3. The WO status bit (and the absence of the STACK and OUT 
flags) produces the the ENABLE WRITE DATA signal. After buffering ENABLE WRITE 
DATA goes to the bus gate logic. At the same time, ENABLE WRITE DATA is applied 
to A9H-8 vdiere it activates the SELECT LATCH DATA output and removes the reset 
clamp on the bus request flip-flop. (ASH Pin 1.) SELECT LATCH DATA is also 
coupled to A9F-13 where WR (acting through DATA LATCH ENABLE) concurs to 
produce SYSTEM BUS REQUEST. CLOCK 3 sets the bus request flip-flop to initiate 
the CPU BUS REQUEST. Both halves of the systan address bus are enabled. The bus 
control gate (ASK) is enabled permitting the WEIITE DATA output to apear on the 
control bus. The coincidence of ENABLE ADDRESS BUS and WO produces the ENABLE 
DATA BUS output at AlOK-10. 

5.3.8 HARDWARE STACK OPTION 

A stack is a portion of read-write memory assigned specifically to the storage 
and recall of selected status items. 

The 8080 CPU distinguishes between stack references and other memory references 
by means of the STACK STATUS flag. This bit is active only during CALLS and 
RETURNS from subroutines or during PUSH or POP instructions which are 
associated specifically with stack management. 

The on-board stack is two 256 x 4 static RAMs. Refer to Sheet 4 AIJ and A2J. 
These are addressed directly from the processor board's Internal address bus. 
Only the low-order eight bits of address are significant to the stack. 
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Refer to Sheet 2. The STACK bit in the processor's status latch Is coupled to 
the support logic via the on-board selector switch A13-S8. Stack references 
are handled the same way as references to PROM. The READ FROM RCM signal 
produced by A13C-6 will be inhibited whenever the STACK flag is active. Refer 
to page 4. The STACK bit is combined with DBIN or NR to enable the two memory 
devices. Directional control is provided by the WRITE STACK DATA output 
(developed from the coincidence of the STACK status bit and NR.) Data passes 
between the CPU and the stack via the bi-directional driver (AIK, A2K) 

5.3.9 PROGRAMMABLE TIMER OPTION 

The programmable timer lets the programmer construct time delays that are 
Independent of program execution. This improves processing efficiency by 
eliminating the need for programmed timing loops and continuous device polling. 
The programmed timer consists of a 4-stage binary counter and control logic, 
installed on the processor board. 

The timer makes use of the CPU's input/ output system to load the counter with 
a 16-bit binary value. The counter is driven by the eighth submultiple of the 
SHIFT GATE to produce incremental time delays in the range of ,5 milliseconds 
to approximately 32.8 seconds. When the programmed Interval times out, the 
processor is Interrupted. Program control is vectored to location X'OOlO' 
(by forcing an RST 2 instruction onto the processor' s R(M bus) . 

Sheet 8 shows the timer logic. Operation begins with the loading of two bytes 
into the presettable counter. The low-order byte is addressed to output port 
X'3C', the high-order byte is addressed to output port X'3E'. The two bytes 
may be loaded in any order. Both A7C-6 and A7C-8 are enabled whenever an 
output address of X'30' to X'3F' is selected. The outputs of these two gates 
are combined with the Clock 2 pulse from the timing board to produce load 
strobes and clocks for the two halves of the counter. Loading either the 
upper or lower byte of the timer resets the two control flip-flops shown on 
Sheet 8 A8D and clears the timer's clock counter A9E. 

SHIFT GATE (used to drive the clock counter) is an inverted horizontal 
blanking signal, and its eighth sub-multiple is used to clock the delay 
counter. The first TIMEOUT CLOCK is applied to the counter approximtely 501 
microseconds later. Succeeding clocks recur at 501 microsecond intervals which 
becomes the basic timer Increment. 

The counter is loaded with the ones complement of the value programmed. 
TIMEOUT DONE goes true as soon as the preset Interval has elapsed. The next 
SHIFT CLOCK sets the TIMEOUT DONE flip-flop (ATE) and issues a TIMER INTERRUPT. 

The CPU acknowledges an interrupt request by broadcasting the INTA status bit 
during the T1 phase. Refer to Sheet 8. TIMEOUT DONE and the TIMER INTERRUPT 
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output set the acknowledge flip-flop A80. The TIME OUT flag output goes true 
at this time. 

Refer to Sheet 4. TIMEOUT flag produces an active RESTART (A12F Pin 8). 
RESTART is combined with Ml STATUS to produce the WAIT FOR RESTART signal. 
WATT FOR RESTART inhibits RCM data gate and forces a hardwired RST 2 instruction 
onto the RAM/ROM bus. This instruction is picked up by the processor and used 
to vector the machine to address X'OOlO'. 

The trailing edge of WAIT FOR RESTART is used to clock flip-flop AS) Pin 11 
(Refer to Sheet 8} terminating the TIMER INTERRUPT and cancelling the TIMEOUT 
Flag. At the end of the timer cycle, the clock counter (A9E) is inhibited by 
the output of the TIMEOUT flip-flop A7E Pin 8. The counter remains in this 
state until restarted by the program. The timer is disabled by the occurrence 
of either power-up or keyboard reset. 





5.4 


RAM 


ZENTEC offers two extended memory printed circuit boards. These options are 
Identified in Section 1 (Paragraphs 1.10 and 1-.15). Both PCB's utilize the 
same design concepts. In fact, the only difference between the two PCB's is 
the amount of address decoding logic necessary to define the amount of RAM 
memory accessed. 

The 16K RAM PCB consists of eight 2K banks of random access memory IC's. 
Eight chip select lines are necessary to select the appropriate 2K bank of RAM 
to be utilized. (2K x 8 = 16K) Each RAM contains 2048 bit locations or 
addresses. Therefore, there are eleven address lines (2 to the eleventh power 
- 2048). 

ZENTEC utilizes dynamic RAM memory. This means that the memory must be 
refreshed or the data contained within the RAMs will be lost. (The same 
principle is used on the character refresh PCB) . 

A block diagram of the extended memory PCB is shown below. Address information 
from the data bus is decoded to enable the desired segment of memory (RAM) . 
If this is a write sequence, data from the data bus will be written into the 
RAM memory. For the actual writing of data to take place, WRITE ENABLE must be 
active. For a read sequence, the address information is decoded, READ DATA is 
enabled, and the data is placed on the data bus by the RAM. Because dynamic 
RAM's are used, the memory must be periodically refreshed. This is accotq>lished 
accomplished by clocking the RAMs with CLOCK 3 when the MEMORY REFRESH REQUEST 
line is active. 
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Refer to schematic drawing mmber 96-419**01 Rev B In Section 7. 

Sheet 1 of the schematics shows the CHIP SELECT decoding, CLCX3C Input and the 
memory refresh request logic. Address bus bits 11 through 15 are decoded by 
IC's A3H and A2HB to produce the appropriate CHIP SELECT signal. The CHIP 
SELECT signal Is then fed to the RAM array where It enables the designated 2K 
block of RAM. 


MEMORY REFRESH REQUEST passes through IC ASH Pins 2 and 4 to enable IC's A5G 
and A4H. These IC's in turn enable ASH, A7G, A8G, and A6G. Memory refresh 
also goes to the aforementioned IC's via A9H Pin 11. This combination of 
gating allows clock 43, 33, 23, and 13 to be active whenever memory refresh 
Is active. These clocks are all Identical (they are all derived from Clock 3 
through IC A6H). 

Clocks 13 and 23 go to Sheet 7 where they are converted to voltage levels 
acceptable to the RAM' s (+5V to -15V levels) . The resultant output Is known 
as Ml CLOCK 3 and M2 CLOCK 3. Clocks 33 and 43 go to Sheet 8 where the same 
voltage level translation takes place. The output of the voltage translator 
Is known as M3 CLOCK 3 and M4 CLOCK 3. 

These clocks refresh the RAM memory whenever memory refresh request Is active. 
WRITE DATA signal Is active (Sheet 1 IC A9H Pin 12) and the address decoding 
circuitry (A3H and A4G) Is enabled. 

Clocks 11, 21, 31, and 41 are derived from CLOCK 1. Clocks 12, 22, 32, and 42 
are derived from CLOCK 2. These clocks go through the same level translation 
circuitry that Clocks 13, 23, 33, and 43 went through. 

Sheet 2 of the schematics shows the address bus bits as they come off of the 
system bus. These bits are used to select the appropriate address within a 
2K RAM block. It makes no difference If the operation to be performed Is a 
read or a write. The address logic Is always used In the same manner. The 
only difference being the READ DATA or WBULTE ENABLE signals. 

The dynamic RAMs require +8.5V, -15V, and +5VDC to operate. These voltages 
are filtered by the inductive capacitive filtering netwark shown on Sheet 2 to 
prevent voltage spikes from effecting the RAMs. 

Sheet 2 also contains the data bus output driver IC's. Data from the RAMs Is 
converted to TTL logic levels on Sheet 7 of the schematics and then sent 
through IC's AlOH and AlOG on Sheet 2 (If read data gate Is active) to the 
data bus. Data from the data bus goes through IC's A9G, AllH, and AllG to the 
RAM array. 

Sheets 3, 4, 5, and 6 contain the BAM arrays. 
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Sheet 7 contains the RAM output to TTL logic level conversion circuitry 
and the clock voltage level translation circuitry. 

Sheet 8 contains the remaining clock voltage level translation circuitry as 
well as the filtering networks for the FCB's operating voltages. 
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SECTION 6 


6.0 POWER SUPPLY ADJUSTMENT PROCEDURES 

6.1 SELF TEST INTERPRETATION 

6.2 PHOTOCaiAPHS OF PRINTED CIRCUIT BOARDS 



6.0 


POWER SUPPLY ADJUSTMENT PROCEDURE 


The ZENTEC 9003 uses four power supplies. These are a 12V, 5V, 3.5V, and a 
-15V supply. The 3.5 volt supply is referenced to the +5 Volt supply to form 
8.5 volts. To access the potentiometers, first remove the cover. This is 
accomplished by removing the two screws on the rear of the terminal and 
sliding the cover off. 

The +12V and the 3.5V supplys have only one potentiometer. This is the 
voltage adjust pot. The +5V and -15V power supplies have 3 potentiometers 
each. These are the voltage adjust, over voltage protection, and current 
limiting pots. 

The voltage adjust pots are accessible without removing the monitor assembly 
(See Figure 6-1). The 5 volt supply should be adjusted first, and then the 
3.5V supply. This Insures the 8.5V output will be correct. The -15V and 12V 
supplies may be adjusted in any order. 

WARNINGI ! 

REMOVE ALL PCB'S PRIOR TO ADJUSTING POWER SUPPLIES. 

The voltage test points are shown in Figure 6-2. 

The voltages at the test points should be within + 2% of the specified value. 

-15V + .3V 
12V + .24V 
5V + .lOV 
8.5V + .17V 

After the voltages are set, re-install the PCBs and trim the power supplies to 
the desired voltage. 

It is recommended that the OVP and current limit pots not be adjusted 
unless a new supply is being Installed. These pots are preset at the factory. 
Should it become necessary to adjust these potentiometers, the following 
procedure should be used: 

1 . Remove the monitor assembly by taking out the five screws which hold it in 
place. (One at each corner and one on the 'L' bracket which fastens to the 
card cage.) Disconnect the AC power and logic Interface plug and lift monitor 
clear. 

2. Remove all PCB's from card cage. 
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FIGURE 6-1 MONITOR ASSEMBLY SHOWING VOLTAGE ADJUST POWER SUPPLIES 
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FIGURE 6-2 MOTHERBOARD PCB SHOWING VOLTAGE TEST POINTS 
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3. Use the test points shown in Figure 6-2 • 

4. Both the 15 volt and 5 volt supply are layed out the same (as far as the 
potentiometer layout is concerned.) See Figure 6-3. 


< 

Rear of Terminal 


0 

0 

0 


Voltage 

Over-voltage 

Current 

: Limit 

Adjust Pot 

Protection 

Pot 


Pot 



Top View 

(5V and 15V supplies) 


FIGURE 6-3 


5. Set the voltage output for the 15V supply at 17 volts. Adjust the OVP pot 
until the voltage begins to "fall off". Turn the power off and set the voltage 
adjust pot for some value less than 17V. Turn the power on and trim the voltage 
adjust pot until 15 volts is measured at the test point. (The power supply will 
clamp if the voltage output exceeds the OVP setting. The power must be cycled 
(on-off-on) to re- initialize the OVP circuit. 

6. To set current limiting, be sure that the OVP pot and voltage adjust pot 
are properly set. Install all of the PCB'^s turn the power on and adjust the 
current limit pot while observing the voltage at the test point. Rotate the 
pot until the voltage begins to "fall off" and then back the pot off 1/4 turn. 
This procedure applies to both the 5 and 15V supplies. 

7. To adjust the 5 volt OVP circuit, follow step 5 except set the voltage 
output to 7V. 
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6.1 


SELF TEST INTERPRETATION 


Self Test is a specially designed diagnostic progrm which verifies correct 
operation of the microprocessor, all memory and the display. Keyboard 
operation involves: Depress MODE key to go into the CONTROL MODE, then depress 

SCROLL UP key. A special test will be executed. To exit this mode, and clear 
screen, depress the RETURN key. To erase the test results from the 25th line 
depress ERASE DISPLAY twice. 

On detecting a failure in memory. Self Test Indicates the address of the 
failure on the 25th line. The address is provided in the form of four 
hexadecimal digits that should be interpreted as follows; 

first second third fourth 
digit digit digit digit 

The first and second digits indicate starting address of 2KB chip in which the 
error occurred. The third and fourth digits indicate the horizontal bit 
positions in which the error occurred. If converted to an 8-bit binary pattern 
then each "1" indicates a bit failure and each "0" indicates a bit O.K. 

Example 

Consider eight 2048 x 1 chips making 2KB memory with starting address of 
X'1800', bytes read from the chip have the pattern. 

Bit Position® 76543210 

During Self Test, errors are detected in bits 0 and 2. In binary, this 
pattern becomes: 

Bits Failed® 00000101 
Where 1® bit failed and 0® bit O.K. 

This pattern translates to X'05' and since starting address of chip is 
X'1800', Self Test provides the failure address as 1805 which locates the 
failure to the chip level. 

See Page 6-9 for memory address designations on 16K RAM PCB. 
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ASYNCHRONOUS RS-232C 

INTERFACE CONNECTOR (Jl) 

PIN # 

FUNCTION 

1 

SAFETY GROUND 

2 

DATA OUT 

3 

DATA IN 

4 

REQUEST TO SEND 

5 

CLEAR TO SEND 

6 

DATA SET READY 

7 

SIGNAL GROUND 

8 

NOT USED 
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NOT USED 

10 

NOT USED 

11 

NOT USED 

12 

NOT USED 

13 

NOT USED 
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REVERSE CHAITOEL TRANSMIT 
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16 
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17 

NOT USED 

18 

NOT USED 

19 

HOT USED 

20 

DATA TERMINAL READY 

21 
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22 

RING INDICATOR 
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A^K .AIOJ.A/IA 


Aec.A9H.AfOH 


A2H, A2J, A5L4«=i A5B, 46«, 


7J,A7<,A8£.AI0T> 


46 B 


42SM8J 


4IF, 42D, 43I> 


AZA,A(>K,A7&,AeA.A9A 


42F. A4D.47D 


|/» /DvA ie.A^J.A'7H.A66.A76, 


A9P 


43F 


ASFsAST,A6>F 



APPLICATION 



/|UNIT OF MEASURE: 

01 - EACH 04- BULK 

02- INCH 05- AS REQ’D 

03 - FEET 09 -OTHER 
(see notes) 


KEY 1 = 

A-WITH B/M 
□ -WITHOUT B/M 
R- REFERENCE 
S-SPECIFICATION 
0“ OTHER (see notes) 




appdV 


APPD N. 


APPD 


KEY 2=X X 


ENGR CHANGES 


DATE 


TITLE 

RC. ASSEMBLY, 
SYSTEM TIMING 



/Z^ ^ 

/ »NTKC CORPORATIOM 

*anta clara, cauipornia 


CUT 3 BILL OF MAT’L NO. REV 

or^99-4l4-XX D 


FORM NO. 75-000-03 



























































































QTY PER ASSY |h SJ ^ £1 


PART NUMBER/ 


2 ^ REFERENCE DOCUMENT 


TITLE/DESCRIPTION 


REMARKS 


3 0/ D 


2 1 0) o 


01 D 


01 D 




80 - 5 SO - 7S 


80-:S’SO- SO 


80-SSO- 36 


So-s-s-0-97 


AIC,A2C,/^3C,A4-£,A6D 


iNres-RAreo c / r . co / t . 74-/07 


74-/ Z 3 


74/53 


ASE' AdF. AIOE. AiOF 


74-I60(ALTS3Io) A2.K 


lHTE&RAT^t> C/RCUI r. 74 / 6 / (alT 93/6)| A 3H,A 3< ,4 AC,AAH,A<FK 



S0-3'5'/-07 


INTE&RATeo C/^CUiT, 74/74 


aO-5'54-34 INTES-RaTED dZCotT, 745 04 


Aef,A/!B 


A IK. 


80-S60 -10 


80 -S60 - (I 


80-S60-IZ 


80-S6O-'l5 


AtOA 


Z459/? AiOK.AIIK 


TRI60ZA UAST A lie 


iSTEe^RATEP OtzeufT^ 3 3 4/ AKB,AHF 


01 D 


QO-S80-OZ 

it^reErRA reo c /b cut Ty S£ sss' v 


CRysmL Coscillatpa) i^se 

QO- SSQ-08 

CRYSTAL fo^CiLLArof.) \5»0720 MHl 




APPLICATION 



FORM NO. 75-000-03 


UNIT OF MEASURE: 

01 -EACH 

04- BULK 

02- INCH 

05- AS REQ’D 

03 -FEET 

09- OTHER 


(see notes) 

KEY 1 = 


A -WITH B/M 
D-WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

O-OTHERI 

[see notes) 


1— — 


APPOS. 


APPD N. 


APPD 


KEY 2=X X 


ENGR CHANGES / 


Zenkci 



ZENTEC CORPORATIOIM 
SANTA CCARA, CALIFORNIA 


RC, ASSEMBLY 
SYSTEM TIMING 


BILL OF MAT’L NO. 


99-414-XX D 
























































































QTY PER ASSY 


— u. < ~ ~ 

SOU > > 


PART NUMBER/ 
REFERENCE DOCUMENT 

TITLE/ DESCRIPTION 

dO-5'ZO-Of 

TRAASISTOH. .NPH \ 2.HZZZZA 


REMARKS 


01 

D 

01 

D 

01 

D 

o\ 

P 

0) 

D 

oz 

t> 

02 

P 



01 

O 


OS 

/I 


01 

8 



80-5-30-01 


80-6 80 - 04 - 


80-660-01 


eo-TOO- os 


8O-S/0- o/ 


80- 810 -07 


63-002-01 


36-4/4--03 


T^ANSISTO^ PNP. ‘ZNZdOe, A 


6\NITCH. Dtp. / 6 Ftt^ 


SytircH, PIP. !6 PtN 


sociceT: r.c . /6 P/a/ 


30CK£T, X.C. A'Q PtU. 


w/;ee, ih^soLAi^, 3oAyJG 


W/Re , ews V TlNNSti COPPBZ. , 18 AUJCr 


STiPPm&K V f.c. B0A)/^P . AL 


lo&fc DtA&RAfy) V SI'S re M rtMt^e- 


r<L rzao/ biSPt.A't posmat motFtcprm 


Qi.qz. 


Alt H 


AHH AtreRA/ATe 


R£fr:A0B.Alir 


REF-.AUC 




APPLICATION 



FORM NO. 75-000-03 


UNIT OF MEASURE^ 

01 -EACH 

04- BULK 

02- INCH 

05- AS REQ’D 

03 -FEET 

09-OTHER 


(see notes) 

KEY1 = 


A-WITH B/M 
D- WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

0- OTHER 

(see notes) 


V ENGR CHANGES 


date 




APP 


APPD \ / 


APPD 


KEY 2=X 




ITLE 

P.C. ASSEMBLY. 
SYSTEM TIMING 


BILL OF MAT*L NO. REV 

99-414-XX D 


























































































ITEM/ 

FIND 

NO. 


QTY PER ASSY 


03 


UNIT 

OF 

MEAS 

T- 

> 

liJ 

ot 

"o' 


PART NUMBER/ 
REFERENCE DOCUMENT 

TITLE /DESCRIPTION 

98-420-0/ 

pc. BOARD, CHARACTER REFReSH 


REMARKS 


3 

□ 

Z 

z z 

z 

Ol 

D 


$0-310-61 

CAPACITOR JANTALUM^ 33/cf^ 20% ^/O Y. 

C8^C3Z 


Ifll 

s 

SB 

5 

01 

D 


80-311-73 

CAPACITOR JANTALOM^ JOrT, ZOyo,2SY 

Ca4‘,C86,CS7^C30,C93 

^5^ 

■EQSQ 

i77 

0/ 

D 


80-331-08 

CAPACITOR ^CBRAMIC,.OlFf) 20% ^S’OY. 

C 7. C 9 - CA3j C AC- CS5, 





17 


16 


- f9 


NOTES: 




cs7-c8iX83rdS,csQ 


8 

■DBnn 

01 

D 


80-338-04 

CAPACnvR^CeRAM/C^ /Cpf, /0%^ IKY 

CS6 

9 

■BBESB 

01 

D 


50-339-30 

CAPACITOR^ CepA'N/C , 470 20 Vo ! KY 

C2,CAfS^^S2 

10 

BBBBB 

01 

D 


80-345'-49 

CAPACITOR, CeRF/V/C ^ . //f f/ /O Vo ^ 3*0 Y. 

C3,C6 

U 

BBSSB 

01 

D 


80-430-0/ 

5HI£LDIN& BEAD 

llj L2,L3 


13 

BBSBB 

01 

D 


$0-^00-02 

DIOOe, IN 3145 

CRI,CRZ^CR3 

14- 


0/ 

D 


$0 -SOD -04- 

DlO£>e, /^4446 

CRi-3 AtTERNATE 

rs 

BBBBB 

0/ 

D 


80-3*/0-06 

DIOPE. ZENER, INSZ2S5 

CR4- 


01 

0 

01 

D 

or 

D 


80-S20-0I 

TRANSlS ToRj NFN^ 2 NZZZZ A 

80-5Z0-0Z 

TRANSISTOR, HPNyZhiZ36SA 

8d-S30-0l 

TRANSISTOR, PNP,ZNZ306A 


m Sf^sm 7>£F/fl/es QTY OF RAYl: -00^ NO RAM, NO ITCM 60; -0( 
^ thru: A7W\ -0Z= 4K 3YT£S of ram AOW thru Alw and Ao;( m 
T220I special (4.K BYT6S Of RAMY 


WRU A7X 


z 


(p3-^/0 


ZK BYTES OF RAM. AOW 
XnX\ -05 = MODFL^ 


APPLICATION 


NEXT ASSY 




USED ON 


TZZOK 



FONM NO. 75-000-03 


UNIT OF MEASURE: 

01 -EACH 

04- BULK 

02-INCH 

05- AS REQ’D 

03 -FEET 

09- OTHER 


(MS notes) 

KEY1 = 


A-WITH B/M 
D- WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

0- OTHER 1 

[sss notes) 


ENGR CHANGES 


DATE 






P.C. ASSEMBLY 
CHARACTER REFRESH 


BILL OF MATL NO. RE\ 

99-420-XX B 


















































































































UNIT 

OF 

MEAS 

KEY(1) 

01 

D 

0/ 

D 

01 

D 


PART NUMBER/ 
REFERENCE DOCUMENT 

TITLE/ DESCRIPTION 

80-202-ZS 

resistor ^carbon COIAP^ zi //4 

80-202-4S 

RESISTOR^ CARBON COMPj I80TL^S%, ^AW 

SO-20Z-SS 

RESISTOR, CARBON CoMPA70A, S% l/4-vV 


REMARKS 




13 01 D 


161 01 D 


01 

D 

01 

D 



Oi 

D 

01 

D 

01 

D 

01 

D 



01 

0 

01 

D 


80-202-63 


QO-ZOZ-65' 


so-zoz-si 


80-203-04- 


80-S50-I3 


80SSQ-00 


QO-SSO'OZ. 


SO-^SO-04- 


80 -5 SO -03 


QO'SSo-IO 


KlS-R.2\, R26,/?27.I^J2jK33 


)?38,f?39,/?44- 


R65I5T0^. CARBON COMP. IKJZ S%\ <Aw 


R£8,RSe,R60-^67 


RBSI5 TOR, CARBON COMP. f.ZKd.S%. </ipW 


F3A--R37y ^40-R4-3 


RESISTOR CARBON CO MP./0/i:J2..S'^Oj // 4-iN RS7 


Rests TO R .CARBON COMP, 4 7/(Jl , S~% *A-W RS6 ,R 66 


iNTC&RATeD C/RCOtr 74/4- 


lHT£&RATeo C/RCUiT. ~J400 


1402, 


7404- 


7408 


iNTEepATeo ctRcotr , ia-io 


AR>B 


A5S,A2tO 


\AZJ.A6D,AlJ.AHf 


A Zr. A2HA 3K A^N)A6 


A-k'MF.A 7KM3AHCA H£ 


ASK 


NOTES: 


2 LAST REFERENCe J>£SI&f/AT/0FS USED ARB : C05^CR4^ L3y qiO^ R6 5. tRBRVeSlQ. C44 IS Men- oS£D 


APPLICATION 



FORM NO. 75-000-03 


UNIT OF MEASURE: 

01 -EACH 

04- BULK 

02- INCH 

05- AS REQ’D 

03- FEET 

09-OTHER 


(see notes) 

KEY 1 = 


A-WITH B/M 
D-WITHOUT B/M 
R< REFERENCE 
S- SPECIFICATION 

0- OTHER 

(see notes) 


\ ENGR CHANGES 


date 






P.C. ASSEMBLY 
CHARACTER REFRESH 



BILL OF MAT’L NO. 


4-199-420-XX B 











































































































QTY PER ASSY 


03 


39 


40 


4 / 


42 


43 


44 


4-S 


46 


47 


46. 


49 


SO 


S( 


SZ 




^4 


S 5 . 


sa 


SI 


NOTES 


UNIT 

OF 

MEAS 

KEY(1) 

ED 

D 

01 

D 

01 

D 

01 

D 

01 

D 

01 

D 

01 

D 

01 

D 

01 

O 

01 

D 

01 

D 

01 

D 

01 

D 

01 

D 

01 

D 

01 

D 

Of 

D 

01 

D 

Of 

D 


PART NUMBER/ 


TITLE /DESCRIPTION 


REMARKS 


80-S50'24- 


80-SSO-Z1 


aO-3'5'0-29 


Q0-S50~2>2> 


m-sso-4s 


80-SS0-SZ 


aO'SSO-S4- 


80 -SSOSS 


Qo-sso-ei 


80 -SSO- 7 S 


80-sso-re 


80-SSO’3A- 


8Q-SS0'97 


80-SSO-33 


dO-SSf-OZ 


80-:5Sl-01 


8 o-ssi-oa 


80- SSI -40 


80-SS4-OS 


\NTeO^AT£D CIRCUIT, 74-3Z 


743 Q 



iNTCei^ATeD CIRCUIT, 


7442 A 


74SI 


7474 


7483 /A 


7485 ' 


7486 


74107 


74/23 


74/28 


74ISJ(ALT33Z2) 


741 ei(AL7 3316) 


74163 


74/66 


74/74 


74 / 75 “ 


7429 8 


74 H// 


A4XA8J.AI/0 


A2D,A2B 


42K.47H 


A8B,A8D,A/05 


A4F.A4H 


AS£,A6£sAI/H 


AlOE 


A6J,AS£,A8K 


A6K 


AlOD 


AIOAie,AIFAIHAf7,AIK 


A40,ASuA7£>.A7e 


A5EA3H.A51A6H 


A9J 


A4E,A8C 




49 C. 4 / 0 C 


48 A 


APPLICATION 



FORM NO. 7S-000-03 


UNIT OF MEASURE: 

01 -EACH 

04-BULK 

02- INCH 

05- AS REO’D 

03 -FEET 

09 -OTHER 


[9— not«t) 

KEY 1 = 


A-WITH B/M 
D- WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

0- OTHER 1 

[se« notes) 


ENGR CHANGES 


DATE 



Z^z 



TITLE 


P.C. ASSEMBLY 
CHARACTER REFRESH 


BILL OF MAT’L NO. REV 

99-420-XX B 



























































































































QTY PER ASSY 


t..< ? r 


S8 




60 


61 


62 


63 


64 




6 6 


6J 


63 


69 


TO 


Tl 


72 


73 


74 




76 


NOTES: 


01 

D 

01 

D 

Of 

D 

01 

0 

or: 

D 



01 

D 

01 

O 



01 

D 

01 

D 

01 

D 


2 D 




PART NUMBER/ 
REFERENCE DOCUMENT 

TITLE /DESCRIPTION 

80'3'6O-Ol 

INTe&RATeD CIRCUIT, MH00Z6 

SO- 5*60 -02 

Ih/re&RATeO circuit y 3347 

d0-S60-O9 

iNTeeRATeD circuit 

80-560-06 

imW&RATfP ClRCUITj IP AM, 600314 

Z3 - 025-0/ 

CHARmTCR GENmTdR //?0M) 


REMARKS 


A3^y4SA 


8FyA3H,A9F,ASH 


fkireizhjFTB trm <bo 


Alt < 



40-00t-0l 


80-118-01 


STifFENeRP.C. BOARD 


SCR€.W,SUTTBD. ?A^ H£/}0\STt£tA~^^'A 


8O'10O-OZ. 

50CKST^X.C. f6 PfN 

80'100-OA 

SOCKET^ I. C. 2lZ P/R 

80-700-05 

socket I.C. 2 4- PiR 


80-870--07 |w//e5,aus, TlNI^eO coppef^, I3AW& 


96 -4ZO- 01 \L06iC D tAARAFly character R.£F^eS^ 


zi-on-oz. 


MOOBL TBZOl OISPLAY FORMAT MOOlF/CATm 




APPLICATION 



FORM NO. 75-000-03 


UNIT OF MEASURE- 

01 -EACH 

04- BULK 

02- INCH 

05- AS REQ’D 

03 -FEET 

09-OTHER 


(see notes) 

KEY 1 = 


A-WITH B/M 
D-WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

0- OTHER 1 

(see notes) 


DW N S"Z 7-T5^ 




ENGR CHANGES 


DATE 


z^z 




R C . ASSEMBLY 
CHARACTER REFRESH 


BILL OF MAT’L NO. RE> 

99-420-XX B 








































































































QTY PER ASSY 


04- 


z z z 




UNIT 

OF 

MEAS 

KEY(1) 

01 

D 

01 

D 

0/ 

D 

01 

D 


01 

D 

01 

D 



PART NUMBER/ 
REFERENCE DOCUMENT 

TITLE /DESCRIPTION 

3&-41S-C3 

P.C. board ^ MICROPROCESSOR - 8080 

60-Ud-OI 

SCReWJLOTTEDJAH H BAD pTBEL ^0-60 Ti I/ 4 . 

dO-ZOZ-2S 

RESISTOR^ carbon CONIP^ Z7JL^5%}U vi 

80-20Z-63 

RE5/Sr0lt, CkRm COMP^ /4 W I 


REMARKS 




R46, R47 


E3-m,m3-R/6,Rl3-R2S 


K4SyR4S, R43, ^-I^SS" 


7 

■DDDD 

01 

D 


80-Z0Z-31 

RBS\5m,CAR60tf COMP, /SK SL , , \/4W 

RS6,RS7 

8 

m 

D 


B0-20Z-34 

RESISTOR JAmOH COMP, 20 KJL,S % , W 

R37 

3 

■BQBB 

01 

D 


80-260-01 

RESISTOR ^2 43 JC, ) %, W 

RI,RITRI7,RZB 

10 

bbbbb 

01 

D 


80-260-02 

/?£SI5T0rV 30 I Ji.y 1 % , Vs \x/ 

RZ,Riz,RI8,R50 


80-261-01 

RESISTOR^ I K-^y / %, ‘A w 

R43 

80-Z6I-0Z 

RESISTOR. zKJL'iyc, 'A w 




80-311-73 


80-310-61 


CAMCffOf^. TA^Alum. i 0 


CLC\Z.CZQ,C23 


C3h.CS6,CS3,C6Z 


CZ7 


CAPAOm^ TANTAL 0M\ 33 H ^sZOVa JO )/. 


NOTES: /, lOEKiriPies o^ibtJAi, EeA-rv-^^: -oi A)ic^a^teocfSSo£ oa/Lyv -az MicizopKccoilT\heR\ -o3 A^ic‘BoPRoc.*^/^‘^AcKj 

•04 A)>c^P^ocezscic vv/-r,ftfce Aj£0 Stack 


APPLICATION 1 

NEXT ASSY 

USED ON 

oiM/f’XX 

9ocG 


<?A^3 


OlzAZZrXXiJZZPl 



FORM NO. 75-000-03 


UNIT OF MEASURE- 

01 -EACH 

04- BULK 

02- INCH 

05- AS REQ’D 

03 -FEET 

09 -OTHER 


(see notes) 

KEY 1* 


A-WITH B/M 
D- WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

0 - OTHER 1 

(see notes) 


C.6>7.13. <^3.RS 


BE 0BS/&. C4Z MOT OSCP, 


ENGR CHANGES 



Z^z 


w m— — 


R C. ASSEMBLY 
MICROPROCESSOR - 
8080 


APR 


KEY 2- 


BILL OF MAfL NO. REV 

99-415-XX C 
































































































OTY PER ASSY 



UNIT 

OF 

MEAS 

r- 

>- 

lii 


D 


PART NUMBER/ 
REFERENCE DOCUMENT 

TITLE/ DESCRIPTION 

REMARKS 

80-331-06 

capacitor X eRAMIC ^.0lf<f.20%,S-0Y. 

C2-CILCI3-Cl9.C2hC26 



80 - 430-01 




LLL2, L3 



01 

D 

01 

D 

01 

D 

01 


01 

D 

01 

D 


80SI5-01 


80 -S(S~0Z 


m-SS6-lS 


80 -5S0-00 


80~6'SO-OZ 


80- S SO -27 


VOLTA&e RB&OLATO^. S' VOlTS 


VOLTA&e RE&ULAT0R. \Z VOLTS 


lHT€&RATei> CIRCUIT 74/3 3 


INTE6RATED CIRCUIT, 7^00 


T40Z 


IHTE&RATED CIRCUtTy 7438 


>/, 02,(^3,(?4 


5" 


AI3R 


pU0TAIZ5,AlZH 


8CMFJIOEsAIOK.A/3A 


A8K,ASK 


NOTES: p^j2L Q>OAv4TITV A<mT> P/i4 oP RCiM i PKofA iKTEiSlZATEli CIRCUIT'S EE<2>0»12.£D^ Ze^=£IZ tT> SPECIFIC 

FMcrvNOA^ COO Pi G.U12.AT to |4 DeAiA/ZM 4 CAvsc^e^ lO-)OC)i~)Oi) 


\ APPLICATION X 



FORM NO. 75 000 03 


UNIT OF MEASURE: 

01 -EACH 

04- BULK 

02- INCH 

05- AS REQ’D 

03- FEET 

09- OTHER 


(se« notes) 

KEY 1: 


A-WITH B/M 
D-WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

O-OTHERI 

(see notes) 




DATE 



Z^Z 



R C. ASSEMBLY 
MICROPROCESSOR 
8080 


APPD \ ^ 


APPD XV 


KEY 2=/ 


BILL OF MAT’L NO. 

99-415-XX 














































































ITEM/ 

FIND 

NO. 

QTY PER ASSY 

UNIT 

OF 

MEAS 

KEY(1) 

KEY (2) 

PART NUMBER/ 
REFERENCE DOCUMENT 

TITLE/ DESCRIPTION 

REMARKS 

■ 

IQ 

1^ 

Eg 

ED 


■ 

Ei 

m 

□ 

Ei 

Bl 

D 


80-SSO-O4 

Ih/TE&RATED CIRCUIT, 7404 

ASl ,AIIF^AUH,^/3D 

40 

■ 

n 

D 

D 

n 

[0}\ 

D 


80-SSO-I3 

4 ' 1414 

A8£ 


41 . 


4 




01 


D 


80-SSO^Ca 


1406 





Zl Oil D 


D 

01 

D 

B 

01 

D 

B 

01 

D 

D 

01 

D 

□ 

01 

D 

B! 

01 

D 

B 

01 

D 

BBI 

0 


01 

0 

□ 

01 

D 

B 

01 

D 


80^SSO-I0 


7410 

49J,4/3C 

00 

0 

1 

1 


7420 

A9H 

80-S50-Z6 


1430 

A7A^A7e> 

80-SSQ-Z4 


74 3 Z 

AlC ,AB6,AIZP 

80- S SO -IB 


74I3Z 

AUK 

80 -SSO -29 


7442 4 

45F, 4 5'/^ 

80-SS0-4S 


74 74 

AlE,A8D^AdH^ABOyAll.C 

60-S'SO-S’S 


7486 

AIIC 

80-SSO-6 3 


7495*4 

AIIJ 

80-SSO-SZ 


^ 74/5*5' 

ABAyABC 

do-sso-si 

INTEGRATED CIRCUIT^ 74/6 / (ALT 9310 ) 

A6F^A6H,ATF,A7H,ABE 

80- SSO- SB 

iNTe&KATeo circuit 74/63 

7/ZD 


El 


B 

B 

B 



D 


80~SS3-oe 

J.C. TRI' STATE HEX IMVERTFR, 80 9 g 

AIF^AZFyAZH 

:5'5' 


B 

B 

B 


01 

D 


60-SS4 ' OS 

INTEGRATED CIRCUIT, 74W/I 

ABF 



B 

B 

Q 


0 1 

D 


80-SS4-3S 

X.C. / OF 8 B//V4^y OECObER ^8Z0S 

AKB^AIZA 

::5*7 

■ 

B 

B 

B 


01 

D 


80-SS4-36 

I.C, MULTI- mode latch BUFFER I Z 

A6E^A7J 


NOTES: 


APPLICATION 



UNIT OF MEASURE: 

01 -EACH 

04- BULK 

02- INCH 

05- AS REQ’D 

03 -FEET 

09- OTHER 


(see notes) 

KEY 1 = 


A-WITH B/M 
D- WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

0- OTHER 1 

[see notes) 


ENGR CHANGES 


DATE 



R 


APPD 


APPD 


APPD 


KEY 2v 







P.C. ASSEMBLY 
MICROPROCESSOR 
8080 


BILL OF MATL NO. 

99-415-XX 



FORM NO. 75-000-03 




























































































































QTY PER ASSY 


tu.5 H 

|Ou > > 

« 


PART NUMBER/ 
REFERENCE DOCUMENT 


TITLE /DESCRIPTION 


REMARKS 



80-SS4--31 


BO-SSS’-OA 


QO-SSS-A-Z 


IrC: PARALLEL .61- BUS mYR.82l6\ AIK, AZK 


iNreeRAreo circuit, J4-lo4 


WTESmTEO CIRCU/r. 74 L 5 38 


QO-560-01 

IX.,M0$ CLOCK DRIVER M HOC 26 N 

80-566-15 

l.C.,M0S^CPU SOSO 

80-560- 1C 

iKTEERArio CIRCUIT, 2 HZ 


AlOF 


A 5JA3K, A4J. ASIA 6 J 


A4K.ASKA6K 


Aiz:j 


AUs AZT 



80 - 680-04 


WNIATURB SWITCH, DIF, 8 5FST 


ABA,A8d,AllA^A/3& 



80-700 -OZ 


80 -700-0 fr 


80-700-06 


SOCKET. Z.C., /6 P/A/ 


SOCKET, Z.C., 24 PIN 



74 


^ 75 


:.76 


NOTES: 


APPLICATION 



FORM NO. 75-000 03 


UNIT OF MEASURE^ 

01 -EACH 

04- BULK 

02- INCH 

05- AS REQ’D 

03 -FEET 

09 -OTHER 


(see notes) 

KEY 1 = 


A-WITH B/M 
D- WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

0- OTHER 1 

[see notes) 


ENGR CHANGES 


DATE 



Z^Z 



™ RC. ASSEMBLY 
MICROPROCESSOR - 
8080 


BILL OF MATL NO. REV 

99-415-XX C 























































































1 QTY 

PER ASSY 1 

r 

d4- 

BBIBISIli 


tu.< ^ ^ part number/ 

u ui REFERENCE DOCUMENT 


TITLE/ DESCRIPTION 


REMARKS 




FORM NO. 75'000-03 


UNIT OF MEASURE^ 

01 -EACH 

04- BULK 

02- INCH 

05- AS REQ’D 

03 -FEET 

09- OTHER 


(see notes) 

KEY 1 = 


A-WITH B/M 
D-WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

0- OTHER 1 

[see notes) 


APPD X. 


APPD 


KEY > 


RC. ASSEMBLY 
MICROPROCESSOR 
8080 


SIZE SI 

A o 



BILL OF MAT’L NO. 


99-415-XX C 





















































ITEM/ 

FIND , , 

MO. 03 


QTY PERASS^i-.5 I ^ PART NUMBER/ 

7715 OW > 2 REFERENCE DOCUMENT 

001 * « 


TITLE /DESCRIPTION 


REMARKS 


7 

2 

8 

8 


a 


& 01 D 


- o 


5\-0O5-O\ 


59-002. - 


80-100-50 


S0-\5A-\0 


PC. 


msoLwmb sPAvCER 


c. 






mSUEE^HVL0Nv4t^ 



NOTES:m yERSIOM OTY OF -OO-NQ *, '0\ - 4 < BYTES OF ©^/KOS-MS^'PsOT'MT 

BVre^OF ^0S-MS.A0T-/\7T.,/\0U-A1U ♦AOV-AIVk-OS^IZE &ms Of RAU,AOS'A1S.AOT-A7T,AOU*A7U..AOV'MY.,M)1«-MW 
tA^A-A7X'>-04-\lo^BYrES0f IOCAT\OHS V ' ^ 


Z^z 


APPLICATION 



FORM NO. 75-000-03 


UNIT OF MEASURE: 

01 -EACH 

04- BULK 

02 - INCH 

05- AS REQ’O 

03 -FEET 

09- OTHER 


(se« notes) 

KEY 1: 


A-WITH B/M 
D-V^ITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

0 - OTHER! 

[see notes) 


™%v. 


REV 




ENGR CHANGES 


DATE APPD 


TJT-- 






RC. ASSEMBLY, 
I6K RAM 


BILL OF MAT’L NO. 


99 -4 19 -XX C 





























































ITEM/ QTY PER ASS Y H ^ PART NUMBER/ 

NO 04^ 03 01 CO “ REFERENCE DOCUMENT 


TITLE/ DESCRIPTION 


REMARKS 


//3 119 


D 


'/9loi I D 


V 


oz\i> 



NOTES: 


Z. REF. P£S)emr/00/S R3pE^K3S'fci<ha a>^<= not used, last DES/S^. used /4/ZS. C/SI L3 

q/i ^ RiE 


APPLICATION 


NEXT ASSY USED ON 



FORM NO. 75-000-03 


UNIT OF MEASURE: 

01 -EACH 

04- BULK 

02-INCH 

05- AS REQ’D 

03 -FEET 

09- OTHER 


(see notes) 

KEY 1 = 


A-WITH B/M 
D- WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

O-OTHERI 

[see notes) 


ENGR CHANGES 


REV DATE APPD 






RC. ASSEMBLY, 
16 K RAM 


T Z bill of MAT’L no. 

5 99-419 -XX 



















































ITEM/ OTY PER ASSY 
FIND r — 1 

NO. 04 03 OZ 01 00 


TITLE/ DESCRIPTION 


REMARKS 



APPLICATION 


NEXT ASSY USED ON 



FORM NO. 75-000 03 


UNIT OF MEASURE^ 

01 -EACH 

04- BULK 

02- INCH 

05- AS REQ’D 

03 -FEET 

09 -OTHER 


(see notes) 

KEY 1 = 


A-WITH B/M 
D- WITHOUT B/M 
R- REFERENCE 
S- SPECIFICATION 

0- OTHER 1 

[see notes) 


imammms 



P. C. ASSEMBLY, 
I6K RAM 


BILL OF MATL NO. 


99 -4 19 -XX C 


































































